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Preface 


The  field  of  organic  functional  group  determination  by  chemical  means  is 
still  developing  very  rapidly.  This  is  readily  reflected  by  the  number  of 
new  methods  that  appear  in  this  edition.  This  may  seem  surprising  with 
the  advent  and  growth  of  the  instrumental  methods  of  analysis.  However, 
we  have  seen  that  in  the  past  10  years  all  existing  analytical  technologies 
have  grown  quickly,  along  with  new  ones  being  born. 

This  revision  is  extensive,  as  can  be  judged  by  the  increase  in  the  size  of 
this  book  over  the  third  edition.  This  is  due  in  part  to  the  addition  of  new 
methods  and  to  an  increase  in  the  scope  of  the  discussions.  Included  is  a 
discussion  of  the  chemistry  involved  in  each  system;  the  historical  de¬ 
velopment  that  led  to  the  method  in  the  form  in  which  it  is  presented;  the 
merits  and  limitations  of  each  approach;  and  a  description  of  how  the 
spectrum  of  analytical  situations  for  each  functional  group  is  covered  by 
the  series  of  methods  presented.  The  text  is  also  completely  cross- 
referenced,  showing  the  interrelationships  between  the  methods  for  the 
different  functional  groups. 

Thus  this  edition  is  meant  to  be  a  convenient  handbook  of  methods  of 
analysis.  It  is  meant  also  to  present  a  coordinated  picture  of  the  chemical 
methods  of  analysis  of  eaqh  functional  group  and  of  the  field  of  chemical 
organic  functional  group  analysis  as  a  whole.  The  chemical  analytical 
approaches  for  each  group  are  corelated,  and  a  thread  is  drawn  through 
each  item  discussed  to  tie  the  pieces  together  into  a  whole. 


The  format  of  each  chapter  is  as  follows.  The  chemical  methods  for 
each  functional  group  are  subdivided  into  the  various  reactions  used  to 
determine  that  group.  The  chemical  and  historical  backgrounds  are  given 
for  the  application  of  each  reaction;  then  a  method  or  series  of  working 
methods  is  presented  using  the  particular  reaction.  The  working  proce¬ 
dures  are  presented  in  full  detail  and  can  be  used  directly  without 
reference  to  the  original  sources.  In  our  opinion  these  methods  are  the 
most  up  to  date  and/or  best  in  the  area  being  described.  The  methods 
were  chosen  to  meet  the  following  standards:  general  applicability  for  the 
purpose  intended,  simplicity,  accuracy,  and  precision.  For  the  analysis  of 
some  functional  groups  there  were  so  few  methods  available  that'  there 
was  little  choice-There  may  be  better  procedures  for  the  determination  of 

mrs  ™  ~  opinion,  ,h,  ,h« 

Sioi  ,„X  '  SliSl"  Chane“  hav'  been  made  from  the 

description  in  the  original  source.  These  changes-in  the  nature  of  sample 
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sizes,  simpler  equipment,  reaction  time,  and  solvent — are  included  be¬ 
cause,  in  the  use  of  these  procedures,  they  were  found  to  improve  the 
method  slightly  in  simplicity,  time,  general  applicability,  accuracy,  or 
precision.  Thus  the  term  “adopted  from”  is  often  used.  In  the  case  of 
reprinted  material  where  we  have  made  some  changes,  the  variation  from 
the  original  material  is  specifically  noted. 

For  the  interest  of  the  reader  and  the  education  of  the  student,  the 
historical  evolution  of  each  approach  is  described  to  show  how  the 
present  methods  were  derived.  For  example,  in  the  section  on  carbonyl 
group  analysis,  the  evolution  of  the  sulfite-sulfuric  acid  reagent  from  the 
original  sodium  sulfite  or  bisulfite  is  discussed.  Also,  the  use  of  unsym- 
metrical  dimethylhydrazine  rather  than  the  hydrazines  originally  used  for 
carbonyl  groups  is  discussed. 

The  discussions  of  instrumental  methods  and  methods  of  separations 
are  not  included  in  this  edition.  These  areas  are  now  so  large  that  to 
include  them  as  they  should  be  included  would  be  impossible  in  a  book  of 
this  type;  moreover,  they  are  discussed  thoroughly  elsewhere.' 

In  addition  to  the  newer  methods  is  a  chapter  on  the  use  of  reaction 
rates  to  chemically  analyze  mixtures  of  compounds  containing  the  same 
functional  groups.  Methods  are  now  available  that  will  differentiate 
between  homologs  and  between  isomers  of  a  species,  and  even  between 
two  of  the  same  functional  group  on  the  same  molecule. 

I  thank  the  management  of  General  Aniline  and  Film  for  their  encour¬ 
agement  in  the  writing  of  the  earlier  editions  of  this  book  and  the 
management  of  Olin  Mathieson  Chemical  Corporation  for  their  encour¬ 
agement  in  writing  the  third  edition.  I  also  thank  again  all  the  people  who 
helped  with  the  first  and  second  editions  as  well  as  those  who  helped  with 
the  preparation  of  the  third  edition:  E.  Kuchar,  A.  Gray,  H.  Nadeau,  P. 
Thomas,  R.  Stoessel,  F.  Reidinger,  R.  Rittner,  H.  Agahigian,  A.  Krivis, 

B  Starrs,  Thomas  Palmer,  and  H.  Ackermann. 

Special  thanks  go  to  Sylvia  Maraskauskas  and  Mary  Anne  Kusmit  who 
handled  the  typing,  correspondence,  and  related  activities  in  the  ear  ler 

6  In°the  case  of  this  fourth  edition,  we  thank  Alan  Carpenter  Satish 
Mehta,  and  Thomas  Mourey  who  read  the  manuscript  and  proofs  and 
Charlotte  Peet  who  did  the  secretarial  work. 

Sidney  Siggia 
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Amherst ,  Massachusetts 
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Introduction 


This  book  deals  with  the  chemical  analysis  of  organic  compounds  based 
on  reactions  of  the  functional  groups  on  these  compounds.  Thus  the 
method  of  measurement  is  based  on  the  determination  of  the  moieties 
characteristic  of  the  organic  compounds  being  examined. 

With  the  advent  of  instrumental  approaches  such  as  infrared  absorp¬ 
tion,  gas  chromatography,  and  nuclear  magnetic  resonance,  it  may  seem  to 
some  that  the  wet  chemical  methods  are  outmoded.  One  practicing  in  the 
field  of  analysis,  however,  knows  that  this  is  not  the  case.  In  fact  in  the 
analytical  laboratories  of  most  manufacturers  of  organic  chemicals,  the 
wet  chemical  analysts  usually  outnumber  the  gas  chromatographers  and 
the  spectroscopists.  It  is  true  that  the  instrumental  approaches  make 
possible  a  great  many  things  that  could  not  be  accomplished  previously. 
They  also  make  possible,  in  some  cases,  faster  analysis  than  was  possible 
with  the  wet  methods.  The  chemical  field  has  grown  so  fast,  however,  that 
even  with  these  new,  powerful  approaches,  the  chemical  methods  not 
only  still  persist  but  have  continued  to  flourish;  witness  the  number  of 


new  methods  in  this  text  over  the  previous  edition.  One  need  only  look  at 
elemental  analysis  (carbon,  hydrogen,  etc.),  which  is  one  of  the  first 
quantitative  organic  analytical  approaches  to  be  developed.  This  ap¬ 
proach  is  still  very  much  used  and  is  continually  being  developed  beyond 
its  present  scope  with  the  new,  automated  furnaces  and  the  new  methods 
for  simultaneous  determination  of  multiple  elements.  Thus  the  new 
analytical  instruments  serve  to  enlarge  the  analytical  tool  kit  but  do  not 
displace  the  older  analytical  approaches.  Just  as  in  carpentry,  power  tools 

t0°' kit’ but  the  older’ hand  tools  stni  have 
suiVr"ednasfToLrrS1StenCe  ^  ^  ChemiCa'  °f  «n  be 


chlmicSr'rarer'th^  SitUati°nS  that  are  better  handled  by 

reactions'  It SyT^ 

example,  we  find  that  the  ana.ysis  of  coipi  £^3^^  £ 


1 


2 


Quantitative  Organic  Analysis 


analysis,  since  specific  reactions  are  generally  available  for  classes  of 
organic  compounds.  In  addition,  the  area  of  trace  analysis  relies  heavily 
on  chemical  methods  to  develop  specific  colors  for  the  materials  in 
question.  The  foregoing  are  broad  generalizations;  instrumental  methods 
figure  to  some  degree  in  these  types  of  analysis,  and  also,  these  types  of 
analysis  are  not  the  only  ones  where  wet  methods  can  be  used.  This 
paragraph  is  meant  to  indicate  that  there  is  a  “spectrum”  of  analytical 
approaches  available  to  the  analyst  to  help  solve  his  diverse  problems, 
and  the  wet  chemical  methods  occupy  a  very  definite  portion  of  this 
spectrum. 


2.  Another  advantage  to  “wet”  chemical  analysis  can  be  stated  as 
follows.  Most  instrumental  analyses  are  dependent  on  calibration  curves 
or  calibration  data.  To  obtain  the  necessary  calibrations,  pure  samples  of 
the  compounds  in  question  must  be  available  or  preparable.  The  "wet” 
chemical  methods  generally  do  not  require  such  calibrations.  Hence  when 
an  analytical  laboratory  is  faced  with  a  rather  short  series  of  samples  for 
analyses,  it  is  generally  more  practical  to  use  the  wet  methods  than  to  go 
through  the  calibration  of  an  instrument  and  the  attendant  preparation  of 
standards.  In  most  organic  research  laboratories  and  in  some  plant 
laboratories,  an  analyst  sees  many  single  samples  or  small  groups  of 
samples  that  do  not  recur.  It  is  in  these  cases  that  "wet  chemical 
analyses  are  the  most  practical.  If  a  long  series  of  samples  is  expected,  it 
pays  to  set  up  calibrations  for  an  instrument. 


3.  The  cost  of  equipment  for  chemical  analysis  is  generally  quite  low, 
since  such  standard  laboratory  equipment  is  used  as  balances,  burets, 
pipets,  beakers,  and  flasks.  This  aspect  makes  analysis  possible  for  indi¬ 
viduals  and  groups  of  limited  means. 


The  general  principle  behind  “wet”  chemical  methods  is  the  use  of  a 
characteristic  reaction  for  the  group  being  measured.  This  reaction  must 
not  only  be  as  specific  as  possible  for  the  functional  group,  but  it  must 
also  be  rapid,  and  it  must  involve  a  reactant  or  product  that  can  be  easily 
measured.  Hence  fast,  specific  reactions  are  used  in  which  the  following 
tvpes  of  reagent  or  product  are  used  or  produced:  acids,  bases,  oxidants, 
reductants,  gases,  water,  metallic  ions,  precipitates,  or  colored  compour i  s 
or  complexes.  The  following  reactions  are  typical  ol  those  used 
functional  group  analysis.  The  material  being  measured  is  marked  by  a 
asterisk,  and  the  group  being  determined  is  on  the  first  compound  shown 


in  the  equation. 
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ACID  CONSUMED 


A.  (a)  ROH 


(b)  RNH2 


/ 


O 


* 


ch3c 


+  O 

/ 

ch3c 


(a)  CH3C 


/ 


o 


OR 

+  CH3COOH* 

o 


(c)  Some  RNHRj 


1  (b)  RNHC — CH3 
+  CH3COOH* 


\ 


O 


(c)  R — N — Rj 

c=o 

CH3 

+  CH3COOH* 

B.  2RCHO  +  2Na2S03  +  H2S04*  -►  2RCHOH  +  Na2S04 

S03Na 

(a)  RCH(OR4)2  h+  (fa)  RCHO  (a)  2R4OH 

+  H.,0  — >-  |  -f- 

{b)  ROCH=CH2J  [(b)  CH3CHO  '  ( b )  ROH 

Aldehydes  determined  as  in  previous  equation. 


C.  Titration  of  basic  materials  such  as  amines  (primary,  secondary, 

tertiary),  pyridine,  quinoline,  and  carboxylic  acids  salts  with  standard  acid 
solutions. 


D.  RrCH— — CHR2  +  HC1*  ->  R4CH — CHR, 
0  OH  Cl 


ACID  PRODUCED 


o  o 

/  / 

A.  RC  +  3,5 — (N02)2C6H3C  -*  RC=N 

\  O* 

NH, 


Cl 


+  3,5— (NO,)2CeH3C  +  |  IC1* 


OH 
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B. 


O 


(a)  RCRi 

(R1  could  =  H) 


(b)  RCH(OR1)2 

+  h2o 


(c)  roch=ch2 

+  h2o  “ 

ORi 

(d)  R— C— R3 


NOH 


(a)  RCRl  +  HoO 
+  HC1* 

NOH 


OR2 

+  H2o 


+  NHoOH  HCl  ->  \ 


0 b )  RCH  +  2RtOH 
+  H20  +  HC1* 

NOH 

(c)  CH3CH  +  ROH 
+  H,0  +  HC1* 

NOH 


(d)  RCR3  +  RiOH 

+  RoOH  +  HC1*  +  H20 


C.  RC=CH  +  2AgN03  ->  RC=CAg  AgN03  +  HN03* 

OCH3 


RC^CR,  +  2CH3OH  R— C— CH2Rx  ->  Ketal  is 

BFa  |  Hptprmi 


OCH 


determined  as 
in  B. 


D.  Dehydrohalogenation  (applicable  only  to  some  halogen  compounds 
so  that  a  general  equation  cannot  be  written). 


base  consumed 


A. 


(a)  some  RC 


/ 


O 


NH, 


(b)  some  RC=N  +  H20  +  NaOH* 


(c) 


RC 


/ 


O 


ORx 


(a)  R 


/ 


O 


+  NH3 


ONa 

O 

/ 


+  nh£ 


(b)  RC 

ONa 

O 

(c)  RC  +  RiOH 

ONa 
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B. 


(a)  RN=C=0 

- 


+  rxnh2*  - 

(Rj  is  aliphatic) 


[  o 

(a)  RNHCNHRj 

- 

S 


(b)  RN=C=S  J 


1(6)  RNHCNHRi 


C.  Titration  of  acids  with  standard  alkali. 

BASE  PRODUCED 


o  o 

/  / 

A.  RC  +  NaOH  ->  RC  +  NHo* 


NHr 


ONa 


B.  RCOOX  X2C03 

(X  =  Na,  K,  Ca,  or  Ba  with  proper 
valences  taken  into  account) 


OXIDANT  CONSUMED 

O 

1 

A.  RSR!  +  Br2*  +  H20  ->  RSRj  +  2HBr 

B.  RSSRj  +  5Br2*  +  4H20  ->  2RS02Br  +  8HBr 

C.  2RSH  +  I2*  ->  RSSR  +  2HI 

D.  RCH  CH  Rj  +  HI04*  -  RCHO  +  R.CHO  +  HI03  +  H.O 

OH  OH 


OXIDANT  PRODUCED 


h,^  hberated  from  lodldes  by  peroxides  is  measured  (not  applica¬ 
ble  to  all  organic  peroxides).  <W'ica 


REDUCTANT  CONSUMED 

A.  TiC13  reductions  of  — NOv  mumu  .  XT  xT 

salts.  (TiClj*  is  measured.)  HNH  ’  ~ N=N~ i  diazonium 

B.  As203  consumed  on  reaction  with  peroxides  is  measured. 
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Reactions  in  which  easily  determinable  materials  such  as  water,  silver 
ions,  and  sodium  nitrite  are  used  or  produced  are  also  applicable  to 
determining  functional  groups.  Water  takes  part  in,  or  is  formed  in,  the 
reaction  of  many  functional  groups — a  system  of  analysis  has  sprung  up 
around  this  basis  of  measurement  and  is  described  in  Aquametry  2nd  ed., 
by  John  Mitchell  (Wiley-Interscience,  New  York,  1977).  Silver  enters 
into  reactions  with  mercaptans  and  acetylenic  hydrogen  compounds  and 
it  is  easily  determined  by  standard  methods. 

RSH  +  AgN03*  -*  RSAg  +  HN03 
RC=CH  -f  2AgN03*  —  RfeCAg  AgN03  +  HN03 

Sodium  nitrite  takes  part  in  many  organic  reactions  as  nitrous  acid  and 
can  be  used  to  determine  primary  aromatic  amines  by  diazotization  and 
some  secondary  aromatic  amines  and  active  methylene  group  compounds 
by  nitrosation. 


RNHoHCl  +  HONO* 
RNHRX  +  HONO* 


RN=NC1  +  2HaO 
RNRX  +  H20 

NO 


CH, 


O  6 

O  <t> 

II  1 

C— N 

C— N 

o 

+  HONO* 

ONCH 

C=N 

C=N 

ch3 

ch3 

-f  h2o 


GAS  PRODUCED 

RN=NC1  +  HoO  ROH  +  N2 1*  +  HC1 
RNHNH2  RN=NC1  ROH  +  N2  T*  +  HCI 

Active  hydrogen  compound  +  CH3MgX  ->  CH4  \* 


GAS  CONSUMED 


Unsaturated  compounds'! 
Some  nitro  compounds  z+H2 
Some  aldehydes  ' 


Saturated  compounds 
Amino  compounds 
Alcohols 
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Although  there  are  methods  described  in  this  book  for  determining 
trace  quantities  of  the  various  functional  groups,  practically  all  the 
methods  in  this  text  can  be  very  simply  reduced  to  a  micro  scale  if  such 
becomes  necessary  when  small  amounts  of  sample  are  involved.  In  his 
textbook  Introduction  to  the  Microtechnique  of  Inorganic  Analysis  (Wiley, 
New  York,  1942),  A.  A.  Benedetti-Pichler  describes  techniques  for  micro 
volumetric  and  gravimetric  analysis.  He  describes  these  for  inorganic 
systems,  but  the  techniques  are  just  as  applicable  to  organic  systems.  Dr. 
Benedetti-Pichler’s  approach  is  to  keep  the  analytical  method  intact, 
including  concentrations,  time  of  reaction,  and  so  on,  but  to  reduce  the 
scale  of  the  apparatus  to  permit  handling  of  the  small  quantities.  He  uses 
micro  reaction  vessels,  microburets,  and  micro  gravimetric  devices  for 
handling  micro  samples. 


1 

Hydroxyl  Groups 


The  behavior  of  the  hydroxyl  group  varies  depending  on  the  molecule  to 
which  it  is  attached.  On  an  aliphatic  chain  (ROH),  the  hydroxyl  group 
contributes  to  the  molecule  the  chemical  characteristics  attributed  to 
alcohols.  A  compound  with  a  hydroxyl  group  on  a  carbon  containing  a 
double  bond  RCH=CR  is  classed  as  an  enol.  If  there  are  hydroxyl 

OH  -  , 

groups  on  adjacent  carbon  atoms,  RCH — CHR,  these  are  classified  as 

OH  OH 

glycols.  Hydroxyl  groups  on  aromatic  rings  yield  the  properties  charac¬ 
teristic  of  phenols.  Thus  we  can  have  hydroxyl  groups  in  different 
situations,  each  exhibiting  a  different  set  of  characteristics. 

The  most  general  method  for  determining  hydroxyl  groups  is  esterifica¬ 
tion  This  approach  will  operate  for  all  the  types  of  hydroxyl  groups 
mentioned  previously.  The  only  exceptions  are  tertiary  alcohols 
(R3COH),  which  esterify  with  difficulty,  as  do  trisubstituted  phenols  and 
other  sterically  hindered  hydroxyl  groups.  The  infrared  methods  for 
following  hydroxy  groups  are  recommended  in  these  latter  cases.  Also, 
active  hydrogen  methods  can  be  used  (p.478),  but  these  are  not  charac¬ 
teristic  of  hydroxyl  groups  alone. 

Hvdroxyl  groups  on  adjacent  carbon  atoms  (glycols)  have  a  characters- 
tic  reaction,  namely  the  oxidation  with  periodic  acid  to  the  correspond, ng 
aldehvdes  which  can  be  used  for  measurement  (see  p.42). 

Enolic  and  phenolic  hydroxyl  groups  exhibit  sufficient  acidity  that  t  ey 
can  be  titrated  directly  as  acids  in  certain  nonaqueous  media  (see  p.  )• 
Other  hydroxyl  groups,  although  acidic,  generally  are  no,  sufficiently 
SE  »  b«  Aid  direct ly.  I.  should  be  k«p,  in  end  ho,,.o  ,ha, 
certain  other  substituents  on  the  molecule  such  as  mtro  groups  can 
enhance  the  acidity  of  the  hydroxyl  group  such  that  even  some  aliphatic 

alcohols  can  be  titrated  as  acids  (i.e.,  dimtropropanol). 

Phenols  can  be  coupled  with  diazonium  compounds  (see  p.  62),  and 
also  they  often  can  substitute  some  of  the  hydrogen  on  the  ring  with 
brltC  P-  57b  These  rear, ions  e.n  also  be  used  ,o  de.ernnne  ,h,s 

variety  of  hydroxyl  compound. 
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Esterification  Procedures 

A  convenient  method  for  the  determination  of  hydroxyl  groups  is 
esterification.  The  reaction  is  general  for  hydroxyl  in  most  situations;  the 
reaction  is  rather  fast  and  relatively  specific;  also  the  reagent  is  easily, 
accurately,  and  precisely  measured. 

The  use  of  an  organic  acid  for  esterification, 


O 


RCOOH  +  RjOH  ^  RC 


ORj  +  H20 


is  not  desirable,  since  the  reaction  is  an  equilibrium  system.  A  quantita¬ 
tive  reaction  is  thus  not  possible  unless  the  water  is  either  removed  or 
circumvented.  To  achieve  the  desired  results  the  acid  chlorides  or  acid 
anhydrides  are  used  for  the  esterifications.  In  this  way  the  formation  of 
water  is  avoided,  yet  all  the  desirable  aspects  of  esterification  are  main¬ 


tained. 


Carboxylic  acid  anhydrides  are  the  most  commonly  used  esterification 
reagents.  The  carboxylic  acid  halides  are  used  (1,2)  but  are  more  reactive 
than  the  anhydrides  and  hence  more  difficult  to  handle.  At  present  there 
are  three  anhydrides  used  for  hydroxyl  group  determination;  acetic 
anhydride,  phthalic  anhydride,  and  pyromellitic  dianhydride. 


(see  pp.  29-37). 


Soc.,  57,  61  (1935). 

s,  Anal.  Che  in.,  33,  1030-4  (1961) 
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they  are  with  the  introduction  of  the  phthaloyl  group.  For  example,  acetic 
anhydride  reacts  readily  with  1,2-glycols,  whereas  phthalic  anhydride 
reacts  quantitatively  with  difficulty,  if  at  all.  Even  when  the  hydroxyl 
groups  are  more  widely  separated,  as  in  2-butyne-l,4-diol  (HOCH2- 
C^CCH2OH),  phthalic  anhydride  reacts  so  slowly  that  a  10-mole 
excess  of  anhydride  over  hydroxyl  is  needed  for  complete  reaction  in 
a  given  time  interval.  In  the  same  time  interval,  the  reaction  between 
acetic  anhydride  and  the  butynediol,  only  3  moles  of  anhydride  per 
hydroxyl  is  required.  The  acetic  anhydride  also  reacts  quantitatively  with 
phenols  even  when  disubstituted  (does  not  react  quantitatively  with 
trisubstituted  phenols,  however),  but  phthalic  anhydride  does  not  react 
with  phenols  at  all. 

A  disadvantage  of  the  acetic  anhydride  system  is  that  aldehydes  inter¬ 
fere  in  the  determination  of  hydroxyl  groups.  No  stoichiometric  relation¬ 
ship  has  been  found  between  aldehydes  and  anhydrides,  although  it  is 
quite  evident  that  the  reaction  proceeds  more  rapidly  in  the  case  of  the 
lower  molecular  weight  aldehydes.  Formaldehyde  presents  the  most  seri¬ 
ous  interference,  acetaldehyde  next,  and  so  on.  The  interfering  reaction 
has  not  been  elucidated,  but  some  possibilities  have  been  suggested. 

The  following  reaction  (3)  is  consistent  with  the  fact  that  ketones  do 
not  undergo  the  reaction  and  are  known  not  to  interfere  in  the  acetic 
anhydride  determination  of  hydroxyls. 

O 

II 

RCH0  +  (CH3C0)20  RCH(OCCH3)2 
Another  suggestion  is  that  a  Perkin  reaction  is  involved  (4). 

RCHO  +  (CH3C0)20— »  RCH=CHCOOH  +  CH.COOH 

However  this  reaction  proceeds  in  known  cases^  only  with  aromatic 
aldehydes,  slowly  and  at  high  temperatures  (>150°C). 

Aliphatic  aldehydes  usually  self-condense  more  rapidly  than  they  un¬ 
dergo  this  type  of  reaction  with  anhydride. 

2RCH2CHO  ->  rch2ch— chcho 

OH  R 


3.  A.  F.  Holleman,  Organic  Chemistry ,  Elsevier, 

4.  K.  A.  Connors,  Reaction  Mechanisms  in 
Wiley  &  Sons,  New  York,  1973,  p.  503. 


New  York,  1951,  p.  105. 
Organic  Analytical  Chemistry, 


John 
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The  anhydride  could  then  act  on  the  resultant  hydroxyl  group  of  the 
condensation  product.  However  the  reaction  should  occur  also  in  connec¬ 
tion  with  the  aromatic  anhydrides,  but  it  is  not  observed.  Also  some 
aldehydes,  formaldehyde,  for  example,  do  not  condense  as  shown,  yet 
they  interfere  with  the  acetic  anhydride  reagent.  Therefore  this  condensa¬ 
tion  reaction  is  also  not  a  likely  explanation  of  the  interference. 

Since  aldehydes  do  not  interfere  in  the  reactions  involving  phthalic 
anhydride  or  pyromellitic  dianhydride,  these  anhydrides  have  the  advan¬ 
tage  of  specificity.  Alcohol  samples  may  contain  some  aldehyde  as  a  result 
of  oxidation  of  the  hydroxyl  group.  The  authors  have  noted  that  hydroxyl 
group  values  obtained  on  the  same  samples  with  the  phthalic  and 
pyromellitic  anhydrides  are  often  lower  than  those  obtained  with  acetic 
anhydride.  Aldehyde  in  the  sample  is  the  most  probable  explanation  of 
this  behavior.  It  is  well  to  note  that  aldehydes  combined  in  the  form  of 
acetals  do  not  interfere  with  any  of  the  foregoing  reagents.  In  fact,  small 
amounts  of  alcohols  in  the  presence  of  gross  quantities  of  acetals  can  be 
easily  determined  even  with  acetic  anhydride. 

Pyromellitic  dianhydride  (PMDA)  can  be  considered  as  a  fast-reacting 
phthalic  type.  As  has  been  mentioned,  aldehydes  do  not  interfere.  Also, 
phenols  do  not  react  at  all  with  PMDA.  In  fact,  alcohols  are  determinable 
in  the  presence  of  phenols  using  this  reagent.  In  terms  of  speed  of 
reaction,  the  PMDA  is  much  faster  reacting  than  phthalic  and  faster  than 
acetic  anhydride  when  reacted  under  comparable  conditions. 

The  PMDA  and  phthalic  anhydride  both  have  the  advantage  of  being 
solids,  hence  are  nonvolatile.  For  this  reason  they  make  ideal  reagent 
solutions.  Acetic  anhydride  is  volatile;  hence  precautions  must  be  taken 
to  avoid  volatilization  during  the  esterification  of  the  sample.  The  phthalic 
anhydride  reacts  so  slowly,  however,  that  even  though  it  is  relatively 
nonvolatile,  the  sample  often  is  volatile;  thus  precautions  must  be  taken 
to  avoid  loss  of  sample.  The  PMDA,  on  the  other  hand,  reacts  so  rapidly 
that  the  alcohol  is  consumed  before  it  can  be  volatilized.  Even  methanol 

with  PMn°A  ^  the  l0WCSt  b°iling  alcohols’  can  be  determined 

ith  PMDA  using  open  Erlenmeyer  flasks. 

Pyridine;  is  used  in  all  the  anhydride  methods.  It  serves  not  onlv  as 
solvent  but  also  to  accelerate  the  reaction  by  tying  up  the  carboxylic  acids 

“xrron;, ,n  M,,m  ,h' 

case  that  the  carboxylic  acids  can  be  titrated  away  from  the  nvri,H™  k 
using  a  strong  base  such  as  sodium  hydroxide  PV  y 

t  o,  per- 

acetic  anhydride  Perchtoric  acS  T"  ,horo"*h'V  stndied  in  che  case  of 
y  Perchloric  acid,  however,  occasionally  causes  difficulty 
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by  oxidatively  altering  the  hydroxyl  group  or  otherwise  oxidatively  alter¬ 
ing  the  sample.  The  polyglycol  ethers 


are  the  most  outstanding  examples  of  cases  where  perchloric  acid  catalysis 
cannot  be  applied.  These  materials  are  easily  oxidized,  and  high,  erratic 
results  are  obtained  by  using  perchloric  acid  catalyzed  esterification 
methods. 

Acetylation 

UNCATALYZED  ACETIC  ANHYDRIDE  METHODS 

Determination  of  Hydroxyl  Content  of  Organic  Compounds  Adapted  from  the 
Acetic  Anhydride  Method  of  C.  L.  Ogg,  W.  L.  Porter,  and  C.  O.  Willits 

[Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  394-7  (1945)] 


O 


/ 


ch3c 


o  +  ROH  ->  CH3COOR  +  CH3COOH 


/ 


ch3c 


\ 


o 


reagents 


0.1  N,  can  be  used  for  semimicr 
than  when  the  0.5 N  reagent  is 


LIU  odlll  LJlV/Oj  J  1 

is  used.  Alcoholic  sodium  hydroxide  is  best  prepared 
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by  mixing  the  required  amount  of  saturated  aqueous  sodium  hydroxide  (approxi¬ 
mately  18N)  with  aldehyde-free  ethanol  or  with  CP  methanol.  The  alcoholic 
alkali  is  standardized  against  potassium  acid  phthalate  or  against  standard  acid  by 
use  of  the  mixed  indicator. 


PROCEDURE 


Introduce  a  weighed  sample  containing  about  0.010  to  0.016  mole  of 
hydroxyl  into  a  glass-stoppered  iodine  flask  together  with  10.00  ml  of  the 
acetic  anhydride-pyridine  reagent.  Measure  the  acetylating  solution  accu¬ 
rately,  using  a  pipet.  Moisten  the  glass  stopper  well  with  pyridine  and  seat 
loosely  in  the  flask.  Place  the  flask  on  a  steam  bath  for  45  minutes.  Then 
add  10  ml  of  water  by  way  of  the  well  on  the  top  of  the  flask,  and  swirl 
the  flask  to  bring  the  water  in  contact  with  all  the  reagent.  After  2 
minutes,  cool  the  flask  in  ice  or  under  running  water,  with  the  stopper 
partly  open  to  prevent  a  partial  vacuum  from  forming  inside  the  flask. 
Rinse  the  sides  of  the  flask  and  the  stopper  with  10  ml  of  n -butanol,  add 
a  few  drops  of  indicator,  and  titrate  the  contents  with  0.5 N  sodium 
hydroxide.  If  the  sample  contains  0.001  mole  of  hydroxyl,  it  is  advisable 
to  titrate  with  0.1N  sodium  hydroxide  even  though  the  end  point  may  not 
be  as  sharp  as  with  the  0.5 N  reagent. 

Samples  that  yield  highly  colored  solutions,  making  the  indicator  use¬ 
less  can  be  titrated  potentiometrically  by  use  of  a  potentiometer  or  pH 
meter  with  glass  and  calomel  electrodes. 

Any  free  acid  or  alkali  in  the  sample  should  be  determined  on  a 
separate  sample  by  dissolving  the  sample  in  5  ml  of  pyridine  and  dtrating 
w.th  standard  alkali  or  acid  by  using  the  mixed  indicator.  8 


CALCULATIONS 


Milliliters  of  NaOH  used  for  blank 

sample  (corrections  being  applied  for 
present)  =  A 


minus  milliliters  of  NaOH  used  for 
any  free  acid  or  alkali  that  may  be 


^  *  iv  iNaUH 


=  %  OH 


Grams  of  sample  x  100(, 
be  present  to  acetylate  the  alcohol  r Z  added’  so  that  enough  wil 
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acid.  If  too  much  reagent  is  destroyed,  there  will  not  be  enough  present  to 
esterify  the  alcohol  completely. 

Primary  and  secondary  amines  will  interfere  in  this  analysis.  In  fact, 
they  acetylate  so  readily  that  this  procedure  can  be  used  to  determine 
them  quantitatively  (see  Amino  Groups). 

Aldehydes  of  low  molecular  weight  also  interfere  by  reacting  with  the 
anhydride.  The  reaction  between  the  anhydride  and  the  aldehyde  is  not 
altogether  clear  (see  p.  10). 

It  is  well  (keeping  the  equation  on  p.  10  in  mind)  to  remember  that 
when  all  the  anhydride  is  consumed  there  will  still  be  a  titration  equal  to 
one-half  the  blank.  If,  when  unknown  samples  are  analyzed,  the  titration 
should  be  in  the  vicinity  of  one-half  the  blank,  it  is  best  to  repeat  the 
analysis  with  a  smaller  sample  to  ensure  having  enough  reagent  for  all  the 


hydroxyl  present. 

Ogg,  Porter,  and  Willits  have  successfully  determined  the  following 
hydroxyl  compounds:  dihydroxystearic  acid,  monohydroxystearic  acid, 

oleyl  alcohol,  cyclohexanol,  and  benzyl  alcohol. 

The  authors  have  found  ihat  the  foregoing  procedure  works  successfully 
for  alcohols  from  methanol  to  octadecanol,  ethylene  glycol,  glycerol, 
glycerol  monoacetate,  phenol,  octylphenol,  decyl-  and  dodecylphenol, 
ditertiary  butylphenol,  2-butyne-l,4-diol,  propargyl  alcohol  and  3- 
methoxybutanol.  With  proper  choice  of  sample  size  (0.010-0.01 6  mole  of 
hydroxyl),  an  average  accuracy  and  precision  within  1.0  k  can  be 

As  can  be  seen  from  the  materials  used  to  test  the  procedure,  the 
procedure  will  not  differentiate  between  hydroxyl  groups  on  primary  and 
secondary  carbon  atoms.  Hydroxyl  groups  on  tertiary  carbon  atoms 
hydroxyls  of  2,4,6-trisubstituted  phenols  do  react  with  acetic  anhyd„de 
but  only  very  slightly.  This  type  of  hydroxy  group .cannot  be 
bv  this  method  (there  may  be  a  few  exceptions,  but  they  are  y  )• 
HvdroxvTgroups  in  less  highly  substituted  phenols  react  readily  w,  h 
acetic  anhydride,  although  these  hydroxyl  groups  might  be  considered 
be  attached  to  tertiary  carbon  atoms. 


PERCHLORIC  ACID  CATALYZED  METHOD 

Method  of  J.  S.  Fritz  and  G.  H.  Schenk 

[Reprinted  in  Part  from  Anal.  Chem.  31,  IMS  (1959)] 

With  the  present  method 
mined  by  acetylation  in  ethyl  acetate  o  py 
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acid  to  catalyze  the  reaction.  Soluble  alcohols  in  ethyl  acetate  are  com¬ 
pletely  acetylated  within  5  minutes  at  room  temperature.  In  pyridine,  a 
somewhat  longer  reaction  period  is  required  for  secondary  or  hindered 
alcohols.  The  amount  of  alcohol  present  is  calculated  from  the  difference 
between  the  blank  and  sample  titrations  with  sodium  hydroxide. 


REAGENTS  AND  SOLUTIONS 


2 M  acetic  anhydride  in  ethyl  acetate.  Add  4  grams  (2.35  ml)  of  72% 
perchloric  acid  to  150  ml  of  ACS  grade  ethyl  acetate  in  a  clean  250-ml  glass- 
stoppered  flask.  Pipet  8  ml  of  ACS  grade  acetic  anhydride  into  the  flask  and  allow 
it  to  stand  at  room  temperature  for  at  least  30  minutes.  Cool  the  contents  of  the 
flask  to  5°C  and  add  42  ml  of  cold  acetic  anhydride.  Keep  the  flask  at  5°C  for  an 
hour,  then  allow  the  reagent  to  come  to  room  temperature.  Some  yellow  color 
will  develop,  but  the  color  and  anhydride  content  of  the  reagent  remain  at 
satisfactory  levels  for  at  least  2  weeks  at  room  temperature. 

2M  acetic  anhydride  in  pyridine.  Cautiously  add  0.8  gram  (0.47  ml)  of  72% 
perchloric  acid  dropwise  to  30  ml  of  reagent  grade  pyridine  in  a  50-ml  flask.  Pipet 
10  ml  of  acetic  anhydride  into  the  flask  with  magnetic  stirring.  Because  this 
reagent  discolors  and  decreases  in  anhydride  content  after  a  few  hours,  it  should 
be  prepared  fresh  daily.  For  acetylation  of  sugars  at  50°C,  use  1.2  grams  of 
p-toluenesulfonic  acid  instead  of  the  perchloric  acid. 

3M  acetic  anhydride  in  pyridine.  Follow  the  directions  above,  but  use  40  ml 
ot  pyridine,  20  ml  of  acetic  anhydride,  and  0.94  ml  of  72%  perchloric  acid. 

,  S°D'UM  hydroxide.  To  185  ml  of  saturated  aqueous  sodium  hydroxide 
(rbonate  free)  add  430  ml  of  water  and  5400  ml  of  Methyl  Cellosolve  (Union 

Cehosolve  hmiC  7  abS°'Ute  me,hano1-  Use  °">V  unopened  cans  of  Methyl 

,  ecause  a  solvent  that  has  been  exposed  to  the  air  for  some  time 
develops  a  yellow  color  in  the  sodium  hydroxide  titrant 

0“,:Cah™dRthymo,  ^  3 

potassium  ACID  phthalate.  Primary  standard  grade 

range  98  to  100%  “"mated  purity  of  the  purified  samples  is  in  the 


procedure 

.  *3  rr inios, ,rom  3  ,o  4  mM »'  i».o 

anhydride  in  e,hyu”we  o, triiTn  T  "  “““*  5  »f  2 M  acetic 
until  they  are  dissolved.  All”  ike  ’  °r  ln,n,“‘cible  Squids 

-nu,e,  a,  ,oom  ,empe,a,„,e;  ^  u“U"'  '^r 
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reaction  period  if  pyridine  is  used  as  the  solvent.  Add  1  to  2  ml  of  water, 
shake  the  mixture,  then  add  10ml  of  3:1  pyridine-water  solution  and 
allow  the  flask  to  stand  for  5  minutes.  Titrate  with  0.55 M  sodium 
hydroxide  using  the  mixed  indicator,  and  take  the  change  from  yellow  to 
violet  as  the  end  point.  Titrate  dark-colored  samples  to  an  apparent  pH 
of  9.8  using  glass-calomel  electrodes  and  a  pH  meter. 

Run  a  reagent  blank  by  pipetting  exactly  5  ml  of  acetylating  reagent 
into  a  125-ml  flask  containing  1  to  2  ml  of  water.  Add  10ml  of  3:1 
pyridine-water  solution,  allow  to  stand  5  minutes,  and  titrate  as  above. 
Use  the  difference  between  the  blank  Vb  and  the  sample  titration  Vs  to 
calculate  the  percentage  of  hydroxyl  compound  in  the  sample.  Caution! 
Dilute  solutions  of  perchloric  acid  in  various  organic  solvents  have  been 
widely  used  in  nonaqueous  titrations.  There  is  no  hazard  under  the 
conditions  given  in  the  procedure  above.  Solution  acetylated  with  per¬ 
chloric  acid  present,  however,  should  not  be  heated,  and  the  sample  and 
blank  solutions  should  be  disposed  of  promptly  after  the  determination  is 


completed.  .  ,  . 

Determine  sugars  that  dissolve  slowly  in  the  reagents  above  by  heating 

them  5  to  10  minutes  at  50°C  with  5  ml  of  a  pyridine  reagent  that  is 

0  15 M  in  p-toluenesulfonic  acid  instead  of  perchloric  acid.  Moisten  t  e 

glass  stopper  with  pyridine  and  seat  loosely  in  the  flask  After  heating, 

cool  the  flask  and  hydrolyze  the  anhydride  with  the  3 .1  pyndme-water 

mixture  at  room  temperature.  Treat  the  blank  similarly.  Dry  sugar 

samples  only  if  analyzed  at  room  temperature. 

alternate  procedure  for  water-free  samples.  Use  acetic  anhydride  in 
ethvl  acetate  for  the  acetylation.  After  the  acetylation  period,  add  10  ml 
of  a  1.5M  solution  of  distilled  JV-methylaniline  solution  in  chlorobenzene 

minutes'^trate^he' excesT J^-methy"anUiiw  potentiometrically  w!*'1 

- in. 

mhmn,  chloride  In  gl.c.l  *'thf  STSn£S' 

mine  the  blank  by  reacting  exac  y  ,  and  titrate  potentiomet- 

with  10  ml  of  N-methylaniline  solution  as  above  and  P ^rocedure  is 

rically  with  0.2 M  perchloric  acid  in  glacial  acetic  ac  .  P 

necessary  for  ethylsulfonylethyl  alcohol. 


concentration  of  reagents 
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concentration  of  anhydride  to  ensure  rapid  acetylation,  yet  dilute  enough 
that  the  reagent  can  be  accurately  measured  with  a  5-ml  pipet,  and  the 
blank  titration  with  0.55 M  sodium  hydroxide  will  be  within  the  limits  of  a 
50-ml  buret. 

Preliminary  work  established  the  value  of  perchloric  acid  in  catalyzing 
the  reaction;  however  it  was  necessary  to  establish  a  proper  concentration 
of  perchloric  acid.  Table  1  shows  the  effect  of  varying  concentrations  of 
perchloric  acid  on  the  acetylation  of  2-ethylhexanol  in  1:1  pyridine- 
acetic  anhydride.  The  time  of  acetylation  was  10  minutes  at  room 
temperature. 


Table  1.  Effect  of  Perchloric 
Acid  on  the  Acetylation  of 
2-Ethylhexanol 


HC104 

°/ 

/o 

Molarity 

Reaction 

0.0 

81 

0.025 

84 

0.05 

88 

0.10 

98.5 

0.15 

99.8 

In  3: 1  ratios  of  solvent  to  acetic  anhydride,  0.15M  perchloric  acid  is 
a  so  satisfactory.  A  0.30M  perchloric  acid  solution  is  unsatisfactory  since 
the  results  are  somewhat  erratic  and  the  water  in  the  perchloric  acid 
reduces  the  anhydride  concentration  of  the  reagent. 


solvents 


sol^moTctirrce'yTadot  fth^’  3061316  W3S  selected  “  the 

weeks  the  yellow  color  of  the  reaepn/n.,  r  5  '°  2  Weeks'  After  2 

point  of  the  titration  is  no  lono^  8  u  darkens  to  orange,  and  the  end 

aceiate  m.„  *  preparcd  £»£  *  «« 
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compounds  requires  a  longer  reaction  period  in  pyridine.  Nevertheless, 
pyridine  is  an  important  solvent  and  supplements  the  use  of  ethyl  acetate 
for  acetylation  of  alcohols. 

Ethyl  benzoate,  diethyl  malonate,  and  acetonitrile  are  suitable  solvents 
for  acetylation  reactions,  but  acetic  anhydride  dissolved  in  any  of  these 
solvents  develops  an  unsatisfactory  color  rather  quickly.  Freshly  distilled 
dimethoxyethane  is  satisfactory,  but  the  peroxides  in  undistilled  di- 
methoxyethane  cause  a  dark  brown  color  to  develop  when  acetic  anhyd¬ 
ride  is  added.  Chloroform  and  triethyl  phosphate  show  very  good  solvent 
characteristics  and  may  be  regarded  as  possible  alternatives  to  ethyl 
acetate.  Acetylation  of  2-terf-butyl-cyclohexanol  in  the  latter  three  sol¬ 
vents  is  quantitative  in  5  minutes. 

To  show  the  effect  of  acid  catalysis  in  different  solvents,  several 
alcohols  were  acetylated  for  5  minutes  at  room  temperature  (Table  2). 

Table  2.  Acetylation  of  4  mmole  of  Alcohols  with  3 : 1  Solvent- Acetic  Anhydride 

Reaction,  No  Acid  %  Reaction,  0.1 5 M  HC104 

Ethyl  Ethyl 

Alcohol  acetate  Pyridine  Pyridine  acetate 


66 

87 

100 

100 

25 

45 

100 

100 

17 

38 

95 

100 

5 

10 

80 

100 

2 

7 

64 

100 

0 

0 

75 

100 

0 

0 

60 

100 

0 

0 

7 

100 

0 

0 

0 

70 

Methanol 
Ethyl  alcohol 
2,2-Dimethyl- 1  -propanol 
2-Propanol 
Diisobutyl  carbinol 
Cyclohexanol 
2-Methylcyclohexanol 
2-/<?/7-Butylcyclohexanol 
2-Methy  1-2-propanol 

These  data  confirm  the  fact  that  acetylation  is  catalyzed  by  the  presence 
of  a  basic  solvent  such  as  pyridine.  However,  the  rate  of  acetylation  is 
much  faster  when  catalyzed  by  perchloric  acid.  Acid  catalysis  occurs  t 
significant  extent  even  in  pyridine,  where  the  basic  solvent  is  present 

laree  excess  over  the  perchloric  acid  added. 

Table  3  summarizes  results  on  diverse  hydroxy  compounds. 


CALCULATIONS 


Same  as  acetic  an 
In  addition  to  the 


hydride  method  shown  above.  .  „  ,  .  , 

alcohols  used  by  Fritz  and  Schenk  shown  in  Table  3 


Hydroxyl  Groups 
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Table  3.  Determination  of  Pure  Alcohols 


(Average  of  3  or  4  determinations,  5-  to  7-minute  reactions, 

4-mM.  samples) 

%  Purity 

Primary  Found 

Ethyl  Acetate  Reagent 


Ethyl  alcohol 
2-Ethylhexanol 
Ethylsulfonylethyl  alcohol® 
2-Methyl-4-butanol 
Methanol 

2.2- Dimethyl- 1  -propanol 
2-Propyn-l-ol 

2.2.2- Trifluoroethyl  alcohol 
Secondary 

Benzhydrol 

Benzoin 

2-/cr/-Butylcyclohexanol 
Cyclohexanol 
2-Cyclohexylcyclohexanol 
Diisobutyl  carbinol 
2-Propanol 
2-Methylcyclohexanol 
2-Phenylcyclohexanol 
Glycols 
Glycerol 

2,2,4-Trimethyl-pentane-l  ,3-diol 
Sugars 


99.1  ±0.5 

99.4  ±  0.2 

98.9  ±0.6 

98.5  ±0.4 

99.9  ±0.3 
98.0  ±  0.3 

100.1  ±0.3 

98.9  ±  0.6 

100.3  ±  0.1 
99.3  ±0.3 

99.5  ±  0.6 

100.1  ±0.3 

98.6  ±  0.3 
100.5  ±0.1 
100.3  ±0.3 
102.9  ±  0.3 

102.2  ±0.4 

97.1  ±0.5 
100.5  ±  0.1 


Cellobiose5 

Glucose5 

Lactose 

Maltose 

Mannose 

Pyridine  Reagent 

Alcohols 


100.3  ±  0.8 
99.4  ±  0.2 
100.1  ±0.5 
100.0  ±0.1 
100.8  ±  0.3 


3-Phenylpropenol 
a-Furancarbinol 
2-Propyn-l-olc 
a-Tetrahydrofurancarbinol 
a-Benzoin  oximec>d 


98.1  ±0.2 

99.2  ±  0.2 
99.8  ±  0.5 
97.5  ±0.5 
99.8  ±  0.1 


“  A'.Melby'aninn6  and  perchloric  acid  used  d 

anhydride  reacted.  ine 

e  ^llob,ose’  35  minutes;  glucose,  45  minutes. 

10-minute  reaction  time. 

acetvlatpH6'10  anhydride  in  Pyridine;  oxime  and  amino  groups 
acetylated  quantitatively.  5  Pb 
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Table  3  ( Continued ) 


(Average  of  3  or  4  determinations,  5-  to  7-minute  reactions, 

4-mM.  samples) 


Primary 


%  Purity 
Found 


Pyridine  Reagent 

Glycols 

c/s-Butene-1 ,4-diol 
Tris(hydroxymethyl)  aminomethane'7 
/m-Hydroperoxides 

ter/-Butyl  hydroperoxide0 
2.5-Dimethyl-2,5-d  hydroperoxy  hexane0 
Sugars 

Fructose(4  OH)e 
Glucose0 
Glucose7 
Sucrose7 


98.8  ±0.4 

98.5  ±0.1 

88.7  ±0.3 

94.9  ±  0.4 

100.5  ±0.2 
100.7  ±0.3 

99.5  ±  0.3 
100.4  ±0.2 


e  Fructose,  20  minutes;  glucose,  40  minutes. 

7  Heated  5  to  10  minutes  with  0.1 5M /?-toluenesulfonic  acid 

instead  of  perchloric  acid. 


to  test  this  procedure,  the  authors  of  this  book  have  successfully  used 
ethylene  and  propylene  glycols,  1,4-butanediol,  stearyl,  lauryl,  butyl, 
octyl,  isooacyl,  and  allyl  alcohols.  The  method  was  found  not  to  apply 
to  polyethylene  and  polypropylene  glycol  ethers  ot  the  type 
H(OCHCHo)  OH,  where  R  is  a  CH3  group  or  a  hydrogen  atom  as  the 

I 

case  mav  be-  also  R,(OCHXH2)xOH,  where  I*!  is  a  fatty  chain  or  an 
alkyl  phenol.’  In  these  cases  high,  erratic  results  were ^obta.ned,  posstb  y 
because  of  oxidation  of  the  chain  by  the  perchloric  acid,  yieldi  g  y  y 
SehSic  groV-  These  e.hess  osidlze  re.dily  ,i.  .  perox.de 
”  Fveyn  the  uncatalyzed  acetic  anhydride  analysis  yields  high  values 

reproducible.  For  the  p  yg  >  anhydride  method  also  is  operable 

-sjn  — •  -  »<■>* — »"*- 

30  minutes  or  less. 
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1 ,2-DICHLOROETH ANE  AS  SOLVENT 

Adapted  from  the  Method  of  J.  A.  Magnuson  and  R.  J.  Cerri 


[Anal.  Chem .,  38 ,  1088  (1966)] 

1 ,2-Dichloroethane  is  superior  to  ethyl  acetate  as  a  solvent  in  many 
ways.  The  acetylating  agent  can  be  prepared  in  1,2-dichloroethane  with¬ 
out  cooling.  Although  the  newly  prepared  reagent  does  become  some¬ 
what  warm,  it  may  be  used  within  an  hour.  Cooling  to  5°C  is  necessary 
with  ethyl  acetate  during  one  step  of  the  acetic  acid-perchloric  acid 
mixing. 

This  acetylating  mixture  is  virtually  colorless,  or  a  very  light  yellow  at 
most.  The  reagent  in  ethyl  acetate  is  yellow  to  yellow-brown.  Indicator 
end  points  are  sharper  when  the  yellow  is  absent. 

The  acetylating  agent  has  a  useful  life,  at  least  2  months,  which  is  2  to  3 
times  longer  than  the  reagent  in  ethyl  acetate. 

Presently,  1,2-dichloroethane  is  the  only  solvent  known  besides  ethyl 
acetate  in  which  alkoxysilanes  quantitatively  acetylate  within  10  minutes. 


REAGENTS 


Acetic  anhydride,  1 M,  in  1,2-dichloroethane  (0.15N  perchloric  acid).  Pour 
420  ml  of  1,2-dichloroethane  into  a  500-ml  glass-stoppered  flask  and  add  6.2  ml 
of  72%  perchloric  acid  and  slowly,  with  stirring,  add  55  ml  of  acetic  anhydride. 


PROCEDURE 


fl  , 7  °f  the  ace‘y'atlng  reagent  into  a  125-ml  glass-stoppered 

flask  and  add,  accurately  weighed,  4  to  5  meq  of  the  acetylyzable  sample 
After  a  5 -minute  reaction  period,  add  35  to  40ml  of  6:3:1,  dimethyl- 

r“  oe;P,y0rtrrter  hydr°!yZ,ng  SOlUtion-  Allow  hydrolysis  to 
proceed  for  10  to  15  minutes,  add  5  drops  of  1%  thymol  blue  indicator 

and  titrate  with  alcoholic  0.55 N  potassium  hydroxide  solution  to  the  blue 
end  point.  Run  the  appropriate  blank. 

Results  obtained  with  this  procedure  appear  in  Table  4 


22 


Quantitative  Organic  Analysis 


Table  4.  Results  Obtained  with  Dichloroethane  as  the  Acetylation  Solvent 

Percentage 
of  Theory" 


Alcohols  and  phenols 


n -Butanol 

99.6  ±0.7 

2-Methoxyethanol 

100.0  ±0.1 

2-Propanol 

99.6  ±0.4 

Cyclohexanol 

100.1  ±0.6" 

2,4-Dimethyl-3-hexanol 

100.4  ±0.5 

Phenol 

100.4  ±0.5 

2-tert-Butylphenol 

99.9  ±0.9 

2,6-Diphenylphenol 

99.7  ±0.4 

Alkoxysilanes 

Diphenyldiethoxysilane 

100.1  ±0.8 

Diethyldiisopropoxysilane 

99.6  ±0.4 

7-Octenyltriethoxysilane 

100.2  ±0.4 

2-Methoxy-2-methyl- 1  -thio-2-silacyclopentanec 

100.3  ±0.6 

1 ,3-Di-n  -propyl- 1 , 1 ,3,3-tetraethoxydisiloxane 

99.2  ±0.2 

y-Chloropropylmethyldiethoxysilane 

100.2  ±0.5 

Trivinyl-2-methoxyethoxysilane 

99.4  ±0.4 

a  Average  and  average  deviation  of  triplicate  determinations. 
b  Acetylating  reagent  used  within  one  hour  of  preparation. 
c  Bifunctional  alkoxy-  and  mercaptosilane. 


Phthalation 

Method  of  P.  J.  Elving  and  B.  Warshowsky 

[Reprinted  in  Part  from  Anal.  Chem.  19,  1006  (1947)] 


reagents  and  apparatus 

,  •  ctndies  described  were  Mallinckrodt's  analytical 

The  reagents  used  in  the  studies  oescnucu  ww 

ssirvsa;  s,“— . «.  — - •— 
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Table  5.  Analysis  of  Hydroxyl  Compounds  by  the  Phthalization  Method 

Purity  as 

Determined  Purity  by  Recovery  by 
by  Physical  Phthalization  Phthalization 


Compound 

Constants 
(wt.  %> 

Method 
(wt.  %) 

Method 

(%) 

Methanol 

99.3 

100.0 

100.2 

100.8 

Ethanol 

100.0 

100.7 

100.7 

100.5 

— 

100.3 

100.4 

— 

1 -Propanol 

98.4 

98.1 

97.9 

99.5 

2-Propanol 

99.6 

97.6 

97.6 

98.0 

1-Butanol 

100.0 

100.6 

100.6 

100.6 

2-Methyl- 1 -propanol  (isobutyl  alcohol) 

— 

101.8 

101.2 

_ 

Cyclohexanol 

95-96 

95.1 

95.1 

99-100 

2-Ethylhexan-l-ol 

99 

99.1 

99.1 

100 

2-Octanol 

97-98 

96.0 

96.3 

98-99 

Ethylene  glycol 

99 

98.7 

98.7 

99.5 

Propylene  glycol 

100 

99.4 

99.6 

99.5 

Glycerol 

95.5 

87.9 

87.9 

92.0 

— 

94 .9a 

94. 3a 

99.1 

Benzyl  alcohol 

100 

99.4 

99.7 

99.6 

a  Two  hours  at  100°C  allowed  for  reaction. 


from  over  barium  oxide  and  only  the  portion  distilling  at  115°C  used  (5)  The 
phthahzanon  mature  is  prepared  by  dissolving  20  grams  of  phthalic  anhydride  in 
200  ml  of  purified  pynd.ne;  this  solution  is  prepared  fresh  daily. 

he  apparatus  required  depends  partly  on  the  procedure  selected.  It  was  found 
satisfactory  to  carry  out  the  reaction  either  under  reflux  or  by  the  use  of  pressure 

rap  d^th  T  as  pressure  bottle  technique  is  somewhat  simpler  and  more 
bodies  o  1  nfnTcf  /"  de‘ail  be'°W-  F°r  *hiS  ,echnklue’  citrate  of  magnesia 
ordinary  laboratoryTyingTveTwil|Asuffice  bath  “  100±2°C  is  rec<uired:  an 

and  ,he  reaCtion  «**>- 

Unless  these  precautions  are  II  h  ?  condensers,  be  thoroughly  dried, 
hydrolyzes  the  phthalic  anhydride  lid  °W  ,Va'Ues  may  be  obtained;  water 
helow  the  excess  required.  mdy  *  ereby  reduce  the  concentration 


PROCEDURE 


sample  weighin^T ’ lVgrams  i’ntoTsffmf  T3"0'-  Carefully  P'Pet  5 
5.  Note  by  s  siggia  Re  volumetnc  flask  containin, 

S.  Siggia  Reagent  grade  pyridine  has  been  found  to  be  usable  as  purchased.  ‘ 
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30  to  40  ml  of  the  purified  anhydrous  pyridine,  which  has  been  weighed, 
taking  care  to  avoid  wetting  the  neck  of  the  flask;  for  monohydric 
alcohols  of  higher  molecular  weight  and  dilute  solutions  of  ethanol,  take 
samples  of  corresponding  larger  weight.  After  reweighing  the  solution, 
make  it  up  to  volume  with  pyridine  and  shake  it  to  mix  it  thoroughly. 

In  certain  cases  where  the  sample  is  extremely  volatile — that  is,  con¬ 
tains  considerable  material  boiling  below  40°C — weigh  the  sample  di¬ 
rectly  in  thin-walled  ampoules.  Then  transfer  the  ampoule  to  the  vol¬ 
umetric  flask  containing  pyridine  and  crush  the  ampoule  under  the 
surface  of  the  pyridine  with  a  glass  rod.  Rinse  the  rod  with  pyridine  on 
withdrawal,  make  the  solution  up  to  volume  with  pyridine,  and  mix  the 
contents  of  the  flask. 

Pipet  25  ml  of  the  phthalic  anhydride  solution  into  a  clean,  dry  pressure 
bottle  by  means  of  an  automatic  Machlett  pipet  or  buret  or  a  Lowy  pipet. 
Add  to  this  10  ml  of  the  solution  containing  the  sample.  Place  the  sealed 
bottle  containing  the  mixture  in  an  air  oven  set  at  100°C  and  heat  it  at 
that  temperature  for  1  hour*  At  the  end  of  this  time,  carefully  release 
the  pressure  and  add  50  ml  of  distilled  water.  After  mixing  the  solution 
cool  it  under  the  cold  water  tap  and  titrate  it  immediately  with  standard 
0.35N  sodium  hydroxide,  using  phenolphthalein  as  an  indicator. 

Make  a  blank  determination  in  the  same  manner  on  the  reagents  use  . 


CALCULATION 


%  Hydroxyl  = 


VxNxl.70 

w~ 


ide  solution. 


DISCUSSION  OF  PROCEDURE 

The  weieht  of  sample  taken  should  be  such  as  to  have 

pr”"ni»ul  o,  100%  molar  «<  P™* 

*  Use  a  covering  on  the  bottle  to  protect  the  bottles  rupture  tor 

in  the  bottle.  This  rarely  happens,  but  the  authors 

unexplained  reasons. 
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amount  required.  The  presence  of  a  sufficient  excess  of  anhydride  can  be 
noted  by  the  formation  of  a  yellow  color  in  the  solution  after  heating  for 
the  prescribed  length  of  time.  Unless  this  color  appears,  the  results  may 
not  be  reliable.  Failure  of  the  color  to  appear  indicates  an  insufficient 
excess  of  the  reagent  due  to  too  large  a  sample  or  the  presence  of  too 
much  water. 

acidic  samples.  Separate  portions  of  samples  containing  free  acid  or 
acidic  groups  in  the  hydroxyl-containing  compounds  should  be  titrated 
with  the  standard  alkaline  solution  at  room  temperature,  using  phenol- 
phthalein  as  indicator,  and  a  suitable  correction  should  be  made  in  the 
volume  of  alkaline  solution  consumed  in  the  phthalization  procedure. 
contact  time.  Although  1  hour  is  specified  for  the  phthalization  reac¬ 
tion,  in  many  cases  this  time  can  be  reduced  to  30  minutes  or  less.  In 
dealing  with  mixtures  containing  substances  that  react  with  phthalic 
anhydride  on  prolonged  heating,  it  would  be  worthwhile  to  determine  the 
minimum  reaction  period  necessary  for  the  hydroxyl-containing  com¬ 
pounds  involved.  The  reaction  mixture,  after  the  addition  of  the  water, 
should  be  cooled  and  titrated  in  a  minimum  amount  of  time  to  avoid  the 
possibility  of  the  phthalate  esters  formed  hydrolyzing  to  any  appreciable 
extent;  ordinarily,  the  danger  of  such  reaction  is  almost  nil.  There  was  no 


measurable  consumption  of  phthalic  anhydride  due  to  polymerization, 
decomposition,  or  other  reactions  in  blank  samples  heated  up  to  4  hours. 
end  point.  Although  the  pink  phenolphthalein  end  point  is  normally 
easily  detected,  it  is  masked  to  some  extent  in  this  determination  by  the 
yellow  color  of  the  final  solution.  Therefore,  instead  of  a  color  change 
from  colorless  to  pink,  there  is  a  gradual  transition  from  yellow  to  brown 
to  orange  to  pink.  It  is  felt  that  a  representation  of  the  true  end  point  is 
the  first  noticeable  permanent  color  change  of  the  solution— without 
having  to  continue  the  titration  until  the  color  is  definitely  pink.  After 
several  titrations  this  point  can  be  detected  without  any  difficulty.  The  use 
of  the  mixed  indicator,  thymol  blue-cresol  red,  offered  no  appreciable 

solmionf  thVCr  T  USe  °f  Phen°'phthalein-  In  the  case  of  dark-colored 
solution*  lire  end  point  can  be  determined  electrometrically. 

nolvhvH  e  f V6S  the  results  of  ana|yzing  one  monohydroxyl  and  four 
P  y  y  roxyl  compounds,  which  gave  poor  results.  The  puritv  of  the 

X'^T"01  “d  ,h'  *! 

an;  «  w'J  cd  ,T  "  1“T'Jnd'  were  used  wi“™'  Purifcaiion 

aiiu  were  nelieved  to  be  not  less  than  85%  pure  Result*  (W  „• 
compound  in  Table  6  on  the  same  horiaont.l  |me  »  “  oba '  *T 

”;V  "  il  “  “»  oatch  of  samples  t 

2,3-butanediol  are  probably  correct  in  view  ef  results  tor 

obtained  for  samples  heated  for  1  hour  and  for  4  ho^wheleaTE 
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Table  6.  Analysis  of  Hydroxyl  Compounds  by  the  Phthalization  Method 


Apparent  Purity,  Weight  Per-Cent 
for  Different  Reaction  Times 
at  100°C 


Compound 

1  hour 

2  hours 

4  hours 

1,3-Butanediol 

84,  84 

96,  89 

79,  78 

92,91 

93,92 

2,3-Butanediol 

75,76 
89,  89 

91,90 

89,  90 

2-Methyl- 1 , 2-propanediol  (isobutylene  glycol) 

89,  89 
54,  54 

59,  59 

53,  53 

59,  60 

64,  64 

2-Methyl-2-butanol  (ferf-amyl  alcohol) 

54,  53 

3,  3 

5,5 

10,  11 

2-Methyl-2,4-pentanediol  (preparation  I) 
2-Methyl-2,4-pentanediol  (preparation  11) 

45,46 

43,42 

52,51 

56,  58 

2-Methyl-2,4-pentanediol  (preparation  III) 

51,  50 

50,  57 

60,  60 

1,3-butanediol  apparently  required  2  hours  of  reaction  for  complete 
esterification.  The  results  for  the  2-methyl- 1,2-propanediol  are  probably 
meaningless,  since  in  the  presence  of  even  dilute  acids,  the  compound 
dehydrates  and  rearranges  readily  to  give  isobutyraldehyde.  The  unsatis¬ 
factory  results  for  2-methyl-2-butanol  and  2-methyl-2.4-pentaned.ol  re¬ 
sult  from  the  ease  with  which  tertiary  alcohols  are  dehydrated  in  the 
presence  of  acidic  catalysts.  Investigation  of  the  literature  showed  that  - 
methyl-2,4-pentanediol  can  be  dehydrated  in  the  liquid  phase  in  the 
presence  of  acidic  catalysts  to  2-methyl  pentenols  and  2-methyl  pen- 
tadienes.  The  results  obtained  using  stoichiometric  molar  ratios  of  1 . 2, 
1-1  and  2-1  of  phthalic  anhydride  and  2-methyl-2,4-pentanediol  in 
pyridine  solution  plus  the  data  in  Table  6,  indicate  that  phthahc  anhyd- 

condensates  obtained  in  catalytic  org  mixtUres  were  prepared 

accuracy  of  the  hydroxyl  determination,  synthetic  mixtures 
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Table  7.  Analyses  of  Synthetic  Mixtures  Containing  Ethanol 


Constituents 

Composition 

Ethanol  Found 

of  Mixture 

(wt.  %) 

(%) 

1.  Ethanol 

79.4 

79.6,  79.7,  79.7 

Water 

20.6 

2.  Ethanol 

14.6 

14.5,  14.7 

Water 

85.4 

3.  Ethanol 

75.2 

75.3,  74.8,  75.0,  75.0 

Water 

19.6 

Acetaldehyde 

5.2 

4.  Ethanol 

71.7 

71.3,  71.1,  71.4 

2,4-Hexadiene 

4.7 

Water 

18.7 

Acetaldehyde 

4.9 

5.  Ethanol 

11.3 

11.4,  11.3 

Acetic  acid 

27.2 

Acetone 

13.5 

Crotonaldehyde 

24.0 

Ethyl  acetate 

17.6 

Phenol 

6.3 

containing  known  amounts  of  water  and  of  representative  members  of 
various  types  of  organic  functional  groups,  including  carbonyl  com¬ 
pounds,  acids,  esters,  and  unsaturated  compounds.  Ethanol  was  deter- 

of'thk  it  PieSenCC  °i  these  substances  singly  and  in  mixtures;  results 
this  study,  shown  in  Table  7,  indicate  that  such  substances  present  in 

amounts  likely  to  be  encountered  in  reaction  mixtures,  do  notP  interfere 

with  the  determination  of  the  esterifiable  hydroxyl  group  O?  particular 

water  **  '  6  aCCUraCy  attainab>e  m  mixtures  containing  as  much  as  85% 

wa^  rTot  “te  X  ^  amounts  of 

phthalic  anhydride  method  wate^H  ^  ®Ster,ficatlon  of  ethanol  in  the 
of  alcohols  in  general  In  fact  *  ^  3  Versely  affect  tbe  esterification 
anhydride  in  a  pyridine  m The 

5  **££££**  ethano‘ but 
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The  authors  have  also  verified  the  fact  that  aldehydes  and  phenol  do 
not  interfere  in  this  method.  In  addition  to  the  aldehydes  and  phenol  used 
by  Elving  and  Warshowsky,  we  have  used  the  method  successfully  in  the 
presence  of  formaldehyde,  propinaldehyde,  and  alkyl  phenols. 


PYROMELLITIC  DIANHYDRIDE  METHOD 

Method  of  S.  Siggia,  J.  G.  Hanna,  and  R.  Culmo,  with  Adaptations  of  R.  Harper, 
S.  Siggia,  and  J.  G.  Hanna 

[Anal.  Chem .,  33,  900  (1961);  37,  600  (1965)] 

Pyromellitic  dianhydride  (PMDA)  has  been  found  to  combine  the 
advantages  of  both  the  acetic  and  phthalic  anhydrides.  As  in  the  case  of 
phthalic  anhydride,  PMDA  can  be  used  in  the  presence  of  aldehydes,  it  is 
not  volatile,  it  can  be  used  to.  determine  alcohols  in  the  presence  of 
phenols,  yet  its  rate  of  reaction  is  comparable  to  that  of  acetic  anhydride. 
The  time  involved  for  analysis  is  approximately  the  same  as  that  for  the 
perchloric  acid  catalyzed  acetic  anhydride  reaction,  although  the  PMDA 
method  does  require  a  heating  period. 


REAGENTS 

Pyromellitic  dianhydride,  0.5 M.  Dissolve  109  grams  of  pyromellitic  dianhyd¬ 
ride  in  525  ml  of  dimethylsulfoxide  and  then  add  425  ml  of  pyridine. 

Standard  IN  sodium  hydroxide  solution. 

Phenolphthalein  indicator. 


procedure 

Pipe!  50  ml  of  0.5 M  pyromellitic  dianhydnde  Mliifaon  into  »  glass 
stoppered  250-ml  flask.  Weigh  a  sample  containing  0^010  to  0^0 

equivalent  of 

the  flask  on  a  steam  both,  wet  the  stopp  vy  minutes  for 

in  the  flask.  Heat  the  contents  for the  hating  for  2  minutes, 
polyglycols).  Add  20  ml  of  water  ^  ^ 

Cool  the  mixture  to  room  temperat  which 

hydroxide  to  the  phenolphthalem  end  point.  Treat  a  blame, 

only  the  sample  is  omitted,  in  the  same  manner. 

A  x  NNa0Hx  12.01  x  100 
%  Hydroxyl  -  Qrams  Df  sample  x  1000 
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where  A  is  milliliters  of  sodium  hydroxide  solution  used  for  the  blank 
minus  milliliters  of  sodium  hydroxide  solution  used  for  the  sample, 
corrected  for  any  free  acid  or  base  in  the  sample. 

When  only  small  samples  are  available  or  when  samples  have  low 
hydroxyl  contents,  0.1M  anhydride  can  be  used.  In  these  cases  0.2 N 
sodium  hydroxide  is  used  as  the  titrant.  When  the  more  dilute  system  is 
used,  it  is  good  practice  to  make  a  50%  increase  in  the  reaction  time,  to 
ensure  complete  reaction,  although  many  of  the  common  alcohols  still 
react  completely  under  the  conditions  described. 


DISCUSSION  AND  RESULTS 


Hydrolyzed  pyromellitic  dianhydride  titrated  with  standard  sodium 
hydroxide  showed  only  one  inflection  in  a  potentiometric  plot  of  volume 
versus  pH.  The  midpoint  of  the  maximum  slope  occurred  at  pH  9.1  to 
9.2,  indicating  that  phenolphthalein  is  a  suitable  indicator.  Calculated  on 
the  basis  of  alkali  consumed  to  this  point,  all  four  acid  groups  are 
neutralized. 

Possible  interference  from  aldehydes  was  checked  by  treatment  of  2  to 
3  grams  each  of  formaldehyde,  acetaldehyde,  furfural,  and  acrolein 
according  to  the  procedure.  No  anhydride  was  consumed  in  any  case. 
Alcohols  to  which  aldehydes  were  added  in  amounts  equal  to  the  alcohol 
were  determined  with  no  measurable  interference  from  the  aldehydes. 

Tetrahydrofuran  (THF)  was  the  solvent  for  the  pyromellitic  dianhyd- 
^PMDA)  in  the  Procedure  as  originally  described.  A  solution  of 

u  THF,was  mixed  with  the  sample  and  pyridine  then  added. 
MDA  shows  a  limited  range  of  solubility  in  the  usual  solvents,  including 
pyndme  and  the  addition  of  pyridine  in  the  THF  system  caused  some  of 
the  anhydride  to  precipitate.  Although  the  reaction  proceeded  rapidly 
nd  quantitatively  at  the  boiling  point  of  the  THF  (65°C),  the  danger  of 

.r,p„s ir:r:™rr  a,ien;ion  durins ""  ^ <£ 

the  hlafw  h  l  1S  tha*  ™F  is  partial|y  evaporated  during 

mixture  8’  “  3  ^  reaCti°"  in  the  concentrated 

6.  B.  H.  M.  Kingston,  J.  J.  Garev  and  W  R  •  *  , 

*  Hellwig,  Anal.  Chem.,  41,  86  (1969). 
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Table  8.  Determination  of  Alcohols  and  Amines  with  Tetrahyd- 

rofuran  as  Solvent 


%  Purity 


PMDA  Method 

Other  Method 

2-Propanol 

97.7,  96.5,  96.7 

97. 2a 

1 -Butanol 

100.4,  101.2 

99.7a 

1-Pentanol 

94.3,  94.9 

93. 5a 

3-Pentanol 

101.9,  101.3 

1 0 1 ;  1 a 

1-Heptanol 

100.7,  100.4 

100.7a 

1-Octanol 

99.8,  98.5 

99.4a 

2-Octanol 

98.9,  99.2 

98. 9a 

Allyl  alcohol 

99.9,  99.5 

99.4a 

Cyclohexanol 

99.8,  99.8 

100.0a 

1,2-Propanediol 

98.4,  100.0,  100.0 

101 .3a 

1,3-Butanediol 

100.9 

99. 9a 

Glycerol 

96.6,  96. 6C 

96. 2a 

Aniline 

98.5,  98.6 

99. 5b 

2-Naphthylamine 

100.2,  100.2 

100. 5b 

1 ,2-Propanediamine 

98.1,  98.2,  98.0 

98. 3b 

a  Acetylation  procedure.  See  C.  L.  Ogg,  W.  L.  Porter,  and  C.  O. 
Willits,  Anal.  Chem.,  17,  394-7  (1945);  also  see  p.  12,  this  book. 
b  Acid  titration. 

c  Sample  contains  4.0%  water  by  Fischer  titration. 


Table  9.  Determination  of  Alcohols  and  Amines, 
Comparison  of  Results  Obtained  with  Dimethylsulfox- 
ide  and  Tetrahydrofuran  as  Solvents 

Purity,  % 


Compound 


Methanol 

2- Propanol 
1 -Butanol 

3- Pentanol 

1- Heptanol 
Triethylene  glycol 
1,2-Propanediol 
Isobutylamine 
Diisobutylamine 

2- Naphthylamine 


Dimethyl-  Tetra- 

sulfoxide  hydrofuran 
Solvent  Solvent 


99.8,  99.8 

99.8 

99.6,  99.7 

99.7 

98.8,  98.8 

99.3 

100.0 

100.0 

99.5,  99.7 

99.8 

99.2 

100.0 

99.6,  100.1 

99.9 

99.0,  100.0 

99.0 

99.7,  100.1 

100.1 

98.3 

98.2 
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Table  10.  Hydroxyl  Values  of  Polyglycols 

Hydroxyl  Value,  milligrams  of  potassium 
hydroxide  per  gram  of  sample 


Polyglycol 

Dimethyl- 

Sulfoxide 

Solvent 

Tetrahydro- 

furan 

Solvent 

Phthalic 

Anhydride 

Method" 

Poly  G  3030  PG 
(triol  mol-wt. 
range,  3000) 

54.1,54.6 

54.5 

54.3,54.8 

Poly  G  4031  PG 
(triol  mol-wt. 
range,  4000) 

41.4,41.7 

41.5,41.5 

41.3,41.4 

a  P.  J.  Elving  and  B. 

Warshowsky,  see 

p.  22  of  this  book. 

10  times  more  efficient.  Imidazole  does  not  catalyze  the  reaction  of 
aldehydes  and  phenols;  however  it  does  cause  partial  reaction  of  tertiary 
alcohols  and  alkoxysilanes. 

The  PMDA  method  was  adapted  to  the  semimicro  scale  (7).  A  sample 
containing  0.4  to  0.6  meq.  of  hydroxy  or  amino  compound  is  heated  at 
H5°C  ^r  30  to  40  minutes  with  25  ml  of  0.04M  PMDA  in  dimethylsul- 
f oxide.  Ten  ml  of  water  is  then  added,  and  the  mixture  is  heated  for 
another  2  minutes.  The  acid  is  then  titrated  potentiometrically  or  to  the 
phenolphthalein  end  point  with  0.08 N  hydroxide  solution.  The  method 
was  used  successfully  for  octadecanol,  L-amphetamine,  and  polymeric 


Acid  Chloride  Esterfication  Method 


S3*  '  KTh“  ““  Chl°ride  “  «-<M«*enzoyi 

derivarives  of  alcohol,  for  id^fatioTpInXer”’’  ye*rS  “  PreP‘re 
mainly  be«ruseronhe™abilft?alH'  ^  a"hydride  me,hods  are  preferred, 

determine  „„„  sfnhho’rn  t 

7.  W.  Selig,  Microchem.  21,  92  (1976) 


32 


Quantitative  Organic  Analysis 


anhydride  methods.  For  example,  sugars  and  tertiary  hydroxyl  com¬ 
pounds  appear  to  esterify  more  readily  by  the  acid  chloride  approach  than 
by  the  anhydride  approach.  The  only  anhydride  method  that  has  had  any 
success  in  this  area  is  the  perchloric  acid  catalyzed  acetic  anhydride 
method  of  Fritz  and  Schenk  (p.  14).  The  Fritz  and  Schenk  method, 
however,  requires  longer  reaction  times  than  the  3,5-dinitrobenzoyl 
chloride  method. 

Method  of  W.  T.  Robinson,  R.  H.  Cundiff,  and  P.  C.  Markunas 

[Anal.  Chem .,  33,  1030-4  (1961)] 

The  reaction  of  3,5-dinitrobenzoyl  chloride  with  an  alcohol  in  pyridine 
solution  is  shown  in  eq.  1. 


NOo 


no2 


no2 


no2 


The  excess 
by  eq.  2. 


dinitrobenzoyl  chloride  is  hydrolyzed  by  water,  as  indicated 


no2 


no2 


NOo 


(2) 


no2 
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Fig.  1.1.  Titration  of  components  in  determination  of  hydroxyl  groups:  a,  ethyl  =  3,5- 

dinitrobenzoate;  b,  reaction  mixture  of  3,5-dinitrobenzoyl  chloride  and  ethanol-  c  35- 
dmitrobenzoyl  chloride. 


s  indicated  in  curve  b,  Fig.  1.1,  the  pyridinium  hydrochloride  and  the 
dimtrobenzoic  acid  titrate  simultaneously  as  strong  acids,  represented  by 

®  ^  ,  lnflectlon  ln  the  potentiometric  curve,  whereas  the  dinitroben- 
te  titrates  as  a  weak  acid,  represented  by  the  second  inflection  in  the 

hy^Uo“  °f  ““  -  a  measure  of  the  organic 

The  reaction  mixture  changes  from  yellow  to  red  at  the  first  eauival 
ence  point,  which  provides  the  basis  for  a  visual  titration  Tha,  t!is  is  a 

fions  of 1  S°H  iWau  dem0nstrated  by  titration  of  separate  pyridine  o  u- 
ratiol  t’h,  .  °  KenZ°IC  aCW  3nd  e,hyl  3,5-dinitrobenzoate  In  the  first 
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differentiating  potentiometric  titration  in  which  the  dinitrobenzoate 
formed  is  actually  measured. 


REAGENTS  AND  APPARATUS 


TETRABUTYLAMMONIUM  HYDROXIDE  (8),  0.2  N  IN  7:1  BENZENE-METHANOL. 

Prepare  and  purify  as  described.  Dissolve  160  grams  of  tetrabutylammonium 
iodide*  in  300  ml  of  reagent  grade  absolute  methanol.  Place  in  an  ice  bath,  add 
80  grams  of  finely  ground  silver  oxide,  stopper  the  flask,  and  agitate  intermittently 
for  1  hour.  Filter  through  a  sintered-glass  funnel  of  fine  porosity,  rinse  the  flask, 
and  precipitate  with  three  50-ml  portions  of  cold  benzene  and  add  to  the  filtrate. 
Dilute  the  filtrate  to  2  more  liters  with  dry  benzene.  An  equimolar  portion  of 
tetrabutylammonium  bromide  may  be  substituted  for  the  tetrabutylammonium 
iodide.  Use  of  the  bromide  permits  the  agitation  time  to  be  cut  to  15  minutes. 

To  prepare  an  anion-exchange  column,  fill  a  25x400  mm  chromatographic 
tube  about  half  full  with  Amberlite  resin  IRA-400  (OH  ),  analytical  grade.  Pass 


2 N  sodium  hydroxide  solution  through  the  column  until  the  effluent  gives  a 
negative  halide  test.  Rinse  with  distilled  water  until  the  effluent  is  neutral  to 
Alkacid  test  paper  (Fisher  Scientific  Co.,  Pittsburgh).  Pass  500  ml  of  absolute 
methanol  through  the  column,  followed  by  500  ml  of  10:1  benzene-methanol. 
Pass  the  tetrabutylammonium  hydroxide  solution  through  the  column,  collecting 
the  effluent  when  basic  to  Alkacid  paper.  Allow  the  solution  to  pass  through  the 
column  at  the  rate  of  7  to  10  ml  per  minute.  Collect  the  tetrabutylammonium 
hydroxide  in  a  flask  protected  from  carbon  dioxide  and  moisture,  and  store  in  a 
reservoir  protected  from  these.  This  solution  is  stable  for  at  least  60  days;  longer 

storage  periods  have  not  been  tried.  , 

pyridine.  Flash-distill  technical  grade  pyridine  from  barium  oxide,  reflux  e 
distillate  over  fresh  barium  oxide  for  3  hours,  and  distill  through  a  50-<sr .  uprigh 
air-cooled  column,  protected  from  moisture.  This  material  contains  0.02  to  0.04  A 

Wa3e5-Dinitrobenzoyl  chloride,  98  to  100%  EK-2654,  Distillation  Products  In¬ 
dustries.  Finely  grind  in  a  mortar  and  store  in  a  desiccator. 

Prprkion  Shell  dual  titrometer  or  equivalent  pH  meter. 

alcohol  samples.  Most  liquid  samples  were  distilled  once;  solid  samples  were 
analyzed  as  received.  Estimated  purity  of  all  samples  was  97  to  100  A. 

The  remaining  apparatus  and  reagents  have  been  described. 


"«•  »“>"  “  "O'11  “ 

8  Prepared  as  described  by  Cund.fi  and  Markups  in  Anal  Chem.,  30,  1450  (1958),  bu. 
modified  slightly  by  the  authors  for  this  procedure. 

*  Obtained  from  Rymark  Laboratories,  Terre  Haute,  Ind. 
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To  determine  liquid  samples,  pipet  approximately  4  meq  of  the  hyd¬ 
roxyl  compound  into  a  tared  10-ml  volumetric  flask  containing  3  ml  of 
pyridine.  To  avoid  error  in  weighing  liquid  samples,  take  care  not  to  wet 
the  neck  of  the  flask  with  the  sample.  Reweigh  and  dilute  to  volume  with 
pyridine.  Pipet  into  a  125-ml  $  Erlenmeyer  flask,  4.0  ml  of  the  dinit- 
robenzoyl  chloride  solution,  then  1.0  ml  of  the  sample  dilution.  Stopper 
tightly,  swirl,  and  allow  to  stand  5  to  15  minutes  at  room  temperature. 
Unstopper  the  flask  and  add  7  to  10  drops  of  water. 

To  determine  solid  samples,  accurately  weigh  0.4  meq  of  the  hydroxyl 
compound  directly  into  a  125-ml  $  Erlenmeyer  flask,  add  4.0  ml  of  the 
dinitrobenzoyl  chloride  solution,  stopper  the  flask,  swirl  gently  to  dis¬ 
solve,  and  allow  to  stand  5  to  15  minutes  at  room  temperature.  Unstop¬ 
per  the  flask  and  add  7  to  10  drops  of  water. 

Prepare  a  blank  solution  by  pipetting  4.0  ml  of  the  dinitrobenzoyl 
chloride  solution  into  a  flask  and  immediately  adding  7  to  10  drops  of 
water. 

visual  titration.  Add  40  ml  of  pyridine  to  the  reaction  mixture,  heat 
nearly  to  boiling,  cool,  then  titrate  with  0.2A  tetrabutylammonium  hyd¬ 
roxide  to  the  first  definite  and  permanent  red  color.  The  titration  is  best 
performed  with  the  titrant  and  solution  protected  from  moisture  and  air 
and  the  tip  of  the  buret  immersed  in  the  titrating  solution.  Titrate  the 
blank  in  exactly  the  same  manner.  Use  the  difference  in  volumes  between 
the  blank  and  sample  to  calculate  the  percentage  of  hydroxyl 
POTENTIOMETR.C  titration.  Add  25  ml  of  pyridine  to  the  reaction  mix¬ 
ture  and  heat  nearly  to  boiling.  Cool  and  transfer  to  a  250-ml  beaker. 

JT  'u6  ^Sk  ^‘th  tW°  10'm'  portions  of  Pyridine  and  add  the  washings 

the  beaker.  Titrate  potentiometrically  under  nitrogen.  If  a  blank  is 

determined,  titrate  only  through  the  first  inflection,  using  the  difference  in 
volumes  between  end  points  of  the  blank  and  samples  to  calculate  the 
percentage  of  hydroxyl.  If  no  blank  is  determined,  titrate  through  bofft 
inflections  and  use  the  volume  between  the  first  and  second  end  points  to 
Iculate  percentage  of  hydroxyl.  In  the  potentiometric  titration  proceed 
slowly  through  the  first  end  point,  to  avoid  a  false  inflection 


alternative  procedure 

to  the  reaction  flask^stopM^  and  samPle  solution 

plate  for  30  to  60  seconds  (Caution  n  '§  *  Y  and  gently  heat  on  a  hot 
three  or  four  ^peat 

procedure  as  described  previously  Tht  alt  7-  remainder  of  the 
applied  to  most  tertiary  alcohols  or  the  ke,o be 
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EXPERIMENTAL 

Figure  1.1  shows  typical  potentiometric  titration  curves  of  the  various 
components  involved  in  the  determination  of  hydroxyl  groups  by  the 
proposed  procedure.  All  titrations  were  made  in  pyridine  solution  using 
tetrabutylammonium  hydroxide  titrant.  Dinitrobenzoyl  chloride  titrates 
dibasically  and  dinitrobenzoic  acid  titrates  monobasically  with  one  inflec¬ 
tion  in  their  respective  potentiometric  curves. 

Several  concentrations  of  3,5-dinitrobenzoyl  chloride  in  pyridine  were 
used  to  determine  the  minimum  molar  requirement  for  quantitative 
esterification  of  an  alcohol.  A  minimum  of  40%  molar  excess  was 
required;  however,  because  of  possible  interference  from  water,  a  75  to 
100%  molar  excess  was  used. 

The  data  in  Table  11  demonstrate  that  comparable  results  may  be 

Table  11.  Analysis  of  Pure  Samples  by  Visual  and  Potentiometric  Titrations 

Purity  Found,  % 


Potentiometric 


Compound 


Visual 


VB  -  via 


V2  -  V s 


Ethanol 
2-Propanol 
2-Methyl-2-propanolc 
2-Methyl-2-butanold 
1-Octadecanol 
PentaerythritoP 
Mannitol7 
Triethylene  glycol 
Cholesterol 
Dextrose 
Sucrose 

Cyclohexanone  oxime 
Thymol 

3,4-Dimethylphenol 
Isobutylamine 
Diphenylamine 

O  Based  on  difference  in  volumes  of  blank 

mixture-  - 

b  Rased  on  difference  in  volume  from  hrst 


99.33 

100.24 

99.06 

97.43 

99.50 

99.04 

99.37 

100.19 

99.94 

99.30 

99.88 

99.55 

100.39 

100.31 

99.29 

99.85 


99.33 

100.40 

99.35 

97.03 

99.39 
100.19 

99.12 

100.01 

100.17 

99.30 

99.21 

99.55 

100.39 
100.54 

99.01 

100.29 


99.59 

100.94 

100.21 

97.64 

99.50 

100.32 

99.12 

100.25 

100.17 

99.07 

99.69 

100.00 


and  first  endpoint  of  reaction 
to  second  endpoints  of  reaction 


mixture. 

c  Reaction  time 
d  Reaction  time 
*  Tetrabasic. 
f  Hexabasic. 


24  hours  at  room  temperature. 
48  hours  at  room  temperature. 
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obtained  by  using  either  the  visual  or  potentiometric  end  points.  The 
values  listed  in  Table  1 1  as  well  as  in  all  other  tables  are  the  average  of  at 
least  two  determinations  by  each  means  of  titration. 

Phenols  and  amines  could  not  be  determined  by  the  difference  in 
volumes  between  the  two  potentiometric  end  points  of  their  reaction 
mixtures,  because  the  dinitrobenzoate  moieties  of  these  compounds  do 
not  titrate  quantitatively. 

Table  12  lists  the  results  of  additional  compounds  determined  by  the 
visual  titration  method. 

All  hydroxyl  groups  in  the  glycols,  with  the  exception  of  the  one  noted, 
were  esterified  by  the  reagent.  Standard  deviation  for  the  procedure  is 
0.18  as  determined  by  nine  replicate  analyses  of  octadecanol. 

Table  13  lists  results  from  determination  of  ethanol  by  the  visual 
method  in  the  presence  of  the  types  of  compounds  that  most  often 
interfere  in  hydroxyl  determination.  Reaction  time  was  5  minutes  at  room 
temperature  unless  otherwise  noted. 

Proportionately  large  amounts  of  benzaldehyde  interfere.  Since  no 
interference  was  noted  with  40%  benzaldehyde,  however,  it  can  be 
assumed  that  the  aldehyde  interference  is  negligible.  Interference  can  be 
expected  from  any  compound  that  will  react  with  the  reagent.  This 
accounts  for  the  slightly  high  recovery  noted  in  the  presence  of  2-methyl- 
2-propanol  in  the  5-minute  reaction  period.  Extremely  hindered  tertiary 
alcohols,  such  as  triphenylmethanol,  will  not  interfere. 

As  indicated  in  Table  14,  only  20  to  25%  Water  can  be  tolerated  in 

analysis  of  ethanol-water  mixtures  by  the  procedure  described.  Use  of 

larger  amounts  of  3,5-dinitrobenzoyl  chloride  would  appreciably  increase 
this  tolerance. 


Of  the  compounds  tested  containing  both  active  hydrogen  and  carbonyl 
groups,  only  the  sugars  could  be  quantitatively  esterified  by  the  proposed 
procedure.  Interference  was  noted  with  acetamide,  isovaleramide  sue- 

“de>  P-hydroxybenzoic  acid,  3-hydroxy-2-naphthoic  acid,  benzoin, 
vanillin,  a-benzoin  oxime,  and  a-furil  dioxime 

fiw  hhHUgh  ,‘he  SU83rS  W6re  c>uantitatively  determined,  only  four  of  the 
five  hydroxyl  groups  in  the  two  keto  sugars,  fructose  and  sorbose  were 

esterified,  whereas  all  hydroxyl  groups  in  the  aldo  sugars  and  dkac 
chandes  were  esterified.  S 


discussion 


r  r‘1U“S  ,he  red  »'»  »'  Am 

probably  a  type  of  quinoidal  structure"* '  '  "  *  undemood’  although  if  is 
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Table  12.  Analysis  of  Other  Compounds  by  Visual  Titration  Technique 

Compound  Purity  Found,  % 


Methanol 

99.24 

1 -Propanol 

98.91 

1-Butanol 

98.31 

Isobutyl  alcohol 

99.18 

Isopentyl  alcohol 

99.00 

2-Propen-  l-ol 

99.05 

Benzyl  alcohol 

97.79 

Furfuryl  alcohol 

96.91 

1-Tetradecanol 

96.80 

1-Hexadecanol  (cetyl  alcohol) 

100.15 

Solanesol 

99.32 

2-Butanol 

97.99 

Cyclohexanol 

97.35 

1-Menthol 

99.92 

Stigmasterol 

99.03 

SclareoF 

100.98 

a-Terpineolb 

99.64 

A  A  A  A 

Terpinol  hydrateb>c 

99.44 

AA 

Glycerol 

99.77 

Propylene  glycol 

98.86 

2-Hydroxy-2,5,5,8a-tetramethyl-l 

(2-hydroxyethyl)-decahydro- 

naphthalened 

99.77 

Tris(hydroxymethyl)aminomethanef) 

98.29 

98.77 

1(— )-Sorbosee 

Fructose® 

97.90 

1-Naphthol 

98.82 

98.32 

100.30 

Benzylamine 

Acetone  oxime 

«  Reaction  time,  96  hours  at  room  temperature.  Di- 


“T Alternative  procedure.  Heating  process  repeated  four 
times 

C  Contains  two  tertiary  hydroxyl  groups.  Only  one 

Glycol  of  sclareolide.  Contains  one  primary  and  one 
tertiary  hydroxyl  group.  Only  primary  hydroxyl  group 

esterified  in  1 5  minutes  at  room  temPe^a‘ureM  ,  be 
«  Only  4  of  5  hydroxyl  groups  esterified  Must  not  “ 
heated  or  allowed  to  react  longer  than  5  minutes  at  room 

temperature. 
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Table  13.  Determination  of  Ethanol  in  Presence  of  Other  Compounds 

(0.4  mmole  ethanol  taken  for  each  analysis) 

Compound  Ethanol 
Present,  Recovered, 

Compound  Present  mmole  % 


2-Methyl-2-propanol 

0.1 

101.8 

0.3 

101.8-102.7 

Triphenylmethanol 

0.3 

99.8 

Tribenzylamine 

0.3 

99.8 

Acetone 

0.1 

99.5 

0.3 

100.3 

Cyclohexanone 

0.4 

99.3 

Benzaldehyde 

0.1 

100.2 

0.3 

97.6 

0.4 

92.7 

Benzaldehyde  (23  minutes) 

0.4 

92.7 

The  red  color  that  develops  at  the  end  point  of  a  visual  titration  is 
easily  and  accurately  determined;  however  it  is  not  a  sudden  change  from 
yellow  to  red.  Rather,  it  is  a  transitional  change  from  yellow  to  orange  to 
The  true  end  point,  therefore,  is  taken  as  the  first  definite  and 
permanent  red  color.  At  the  end  point,  the  intensity  of  the  red  color  is 

Ow?,PT?°nal  t0  the  concentration  of  the  titrant.  For  this  reason 
dilute  titrants.y  n,Um  hydr°xide  pr°ved  more  satisfactory  than  more 

The  reaction  time  as  stated  for  primary  and  secondary  hydroxyl  grouns 
s  dependent  on  the  alcohol  being  determined  as  well  a  the  reactivky  o 

y  uue  ine  reaction  time  was  cut  to  less 


Table  14.  Analysis  of  Ethanol-Water  Mixtures 

Added,  mmole  Ethano, 

Ethanol,  Recovered 
wt-  %  % 


Ethanol  Water 


0.42 

0.41 

0.43 

0.47 


0.11 

0.25 

0.38 

0.53 


90.17 
80.80 
74.42 

69.17 


99.57 

99.37 

85.42 

63.91 
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than  1  minute  with  many  primary  and  secondary  alcohols.  In  general,  it 
will  be  necessary  for  the  analyst  to  test  the  reactivity  of  each  lot  of 
dinitrobenzoyl  chloride  to  establish  the  necessary  time  of  reaction.  The 
15-minute  period  should  be  the  maximum  time  required.  With  less 
reactive  dinitrobenzoyl  chloride  use  of  the  alternative  procedure  should 
prove  beneficial  in  analysis  of  many  primary  and  secondary  alcohols. 

Benzoylation  of  all  sugars  was  complete  within  5  minutes  at  room 
temperature.  The  keto  sugars  could  not  be  heated  or  allowed  to  react 
longer  than  5  minutes  before  dilution,  without  sample  degradation  occur¬ 
ring.  The  reaction  mixture  of  the  keto  sugars  should  be  titrated  by  the 
visual  method,  because  extremely  weak  inflections  are  realized  in  poten- 
tiometric  titration  of  these  compounds,  making  potentiometric  equival¬ 


ence  point  determinations  unreliable.  High  molecular  weight  carbohy¬ 
drate  polymers,  such  as  dextran  or  cellulose,  cannot  be  accurately  deter¬ 
mined  because  of  their  limited  solubility  in  pyridine. 

Although  not  all  tertiary  alcohols  can  be  stoichiometrically  determined, 
enough  such  compounds  can  be  determined  to  make  application  of  this 
procedure  worthwhile.  The  noted  times  required  for  quantitative  reaction 
of  those  tertiary  alcohols  listed  in  Table  11  and  12  are  maximum  and 
were  obtained  using  a  lot  of  less  reactive  dinitrobenzoyl  chloride.  Use  of  a 
more  reactive  lot  of  dinitrobenzoyl  chloride  yielded  quantitative  results 
for  2-methyl-2-propanol  after  3  hours,  2-methyl-2-butanol  and  2-methyl- 
2-pentanol  after  5  hours.  The  only  two  tertiary  alcohols  investigated  that 
showed  incomplete  esterification  were  3-ethyl-3-pentano!  and  tnpheny  - 
methanol.  3-Ethyl-3-pentanol  showed  only  60%  reaction  after  100  hours 
when  the  less  reactive  acid  chloride  was  used,  over  80%  reaction  after 
only  15  hours  with  the  more  reactive  acid  chloride.  Triphenylmethano 
showed  practically  no  reaction  after  100  hours  with  the  less  reactive 
reagent  With  the  exception  of  a-terpineol  and  terpino  y  > 
alternative  procedure  cannot  be  applied  to  tertiary  alcohols  because,  if 
heated  they  will  dehydrate  in  the  presence  of  the  dinitrobenzoyl  ch  on  . 

being  used  must  be  taken  into  consideration. 


Determinations  of  Hydroxyl  Compounds  in  the  Presence  of 
Primary  and/or  Secondary  Amines 

tiopnriSoads  ess  udi"  ;ort;:iiri‘oxyr  gS. 
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These  amines  react  rapidly  and  quantitatively  with  anhydrides  and  in  fact 
can  be  determined  by  any  of  the  foregoing  methods  (see  pp.  9-40). 

Therefore  in  samples  of  hydroxyl  compounds  containing  amine,  the 
esterification  methods  will  determine  the  total  of  hydroxyl  plus  primary 
and/or  secondary  amino  groups.  A  direct  titration  of  a  separate  sample 
with  acid,  in  aqueous  or  nonaqueous  media,  however,  will  determine  the 
amines.  This  amine  value  can  then  be  subtracted  from  the  esterification 
analysis  to  yield  the  hydroxyl  value  by  difference.  Since  the  acetylation 
values  and  the  amine  titration  values  are  generally  very  accurate  and 
precise,  the  hydroxyl  analysis  obtained  by  difference  is  generally  quite 
accurate  and  precise.  As  the  amine  content  rises  and  hydroxyl  content 
falls,  however,  the  difference  between  the  two  analyses  decreases;  thus 
the  accuracy  and  precision  also  decrease. 


RNH, 


RC 


/ 


O 


RC 


O 


or  +  O 
(R)2NH  RCy 


\ 


NHR  O 

/ 

or  +  RC 

\ 

O  OH 


O 


RC 


/ 


N(R), 


There  is  a  direct  method  for  determining  hydroxyl  in  the  presence  of 
ammo  groups  (9)  which  consists  of  acetylating  both  groups  forming  the 
corresponding  esters  and  amides.  The  excess  anhydride  and  acetic  acid 
re  neutralized,  and  then  advantage  is  taken  of  the  fact  that  esters 
hydrolyze  at  a  much  faster  rate  than  amides.  A  known  excess  of 
methanolic  sodium  hydroxide  is  added  beyond  the  neutral  point  and  a 
contro'led  saponification  is  run.  Many  esters  completely  saponify’ before 

any  morTmpid “ t^ el  77  h“  reacted-.  This  ^ect  method  is  not 

r  re 

indirect  methods"  VgeTeraUy  qUeSti°nable  Th* 


9.  S.  Siggia  and  I.  R.  Kervenski,  Anal.  Chem.  23,  117  (1951). 
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Hydroxyl  Groups  on  Adjacent  Carbon  Atoms  (1,2-Glycols) 

/— CH— CH— \ 

11 

\  OH  OH  / 

Glycols  can  be  determined  by  any  of  the  esterification  methods  men¬ 
tioned  previously.  Of  these,  the  phthalic  is  the  least  desirable  from  the 
aspect  of  time,  since  some  2  hours  of  reaction  time  is  generally  needed. 
Also,  the  esterification  methods  do  not  differentiate  these  1,2-dihydroxy 
compounds  from  other  hydroxy  compounds.  There  is,  however,  an  oxida¬ 
tion  approach  that  is  very  specific  for  compounds  with  hydroxyl  groups  on 
adjacent  carbon  atoms.  This  is  the  oxidation  using  periodic  acid: 

R— CH— CH— Ri  +  HI04  ->  RCH  +  HCR4  +  H20 

II  II  II 

OH  OH  O  O 

+  hio3 

This  reaction  is  quite  specific  and  clear-cut.  Single  hydroxyl  groups  or 
hydroxyl  groups  not  on  contiguous  carbon  atoms  are  generally  not 

attacked. 

Adapted  from  the  Method  of  W.  D.  Pohle,  V.  C.  Mehfenbacher,  and  J.  H.  Cook 

[Oil  and  Soap,  22,  115-9  (May  1945)] 


reagents 


Standard  0.1N  sodium  thiosulfate.  /urn  1  in  200  ml  of 

-  zZ  a  ■ 

dark,  well-stoppered  bottle. 

Potassium  iodide  solution.  200  grams  per  liter. 

1%  Starch  indicator  solution. 


PROCEDURE 


.  •ample  «**.**£«>  ST 

alone.  Allow  the  solution  to  stand  for  30  minutes 
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(For  most  compounds  30  minutes  is  sufficient;  however  a  few  samples 
require  1  hour  for  complete  reaction.)  Then  add  20  ml  of  potassium 
iodide  solution,  and  titrate  the  liberated  iodine  with  0.1N  sodium  thiosul¬ 
fate. 


CALCULATIONS 


Milliliters  for  blank  minus  milliliters  for  sample  =  A 

A  x  N  Thiosulfate  x  mol.  wt.  of  compound  x  100  %  dihydroxy 

Grams  of  sample  x  2000  compound 

The  procedure  as  described  was  originated  to  determine  various 
monoglycerides.  It  also  works  well,  however,  for  other  dihydroxyl  com¬ 
pounds  such  as  ethylene  glycol,  mannitol,  glycerol  (consumes  2  moles  of 
periodic  acid  per  mole  of  glycerol),  dextrose,  tartaric  acid  (needs  to  stand 
for  1  hour).  Epoxide  ( — CH — CH — )  compounds  may  also  be  determined 

\  / 

O 

by  this  method,  but  a  longer  time  (1|  hours)  and  an  eightfold  excess  of 
periodic  acid  are  necessary. 

The  titration  for  the  sample  should  be  more  than  80%  of  the  blank  to 
make  sure  that  enough  reagent  is  present  for  complete  oxidation  because 
the  todate  formed  in  the  reaction  also  liberates  iodine  from  potassium 
iodide.  If  all  the  periodic  acid  were  reacted,  the  titration  would  be  75%  of 
the  blank.  Caution  should  be  taken  where  the  reaction  products  are 

,™aldueh1ydce  or  form,c  acid>  because  these  materials  are  subject  to  slow 
although  definite,  oxidation  at  room  temperature. 

In  general,  periodic  acid  will  not  oxidize  such  compounds  as  olefins 
hid  O  and  aldehydeS-  SOme  “"pounds  containing  ad  atm 

(HOCHI  C=c'cH  OHwf  hA"  4-dio! 

.felfJmaSd  “  “iXr  Sl0WlV  Si'nifa"'1*-  M“> 


GLYCOLS  IN  THE  PRESENCE  OF  GLYCERIN 

as  well.  ototsTttpITodir'?31  C°ntain  not  only  8lycols  but  glycerin 

quantitative^ Tt  is  pos"me  ho"  me*°d  measures  ‘he  total  of  the  two 

and  then  obtain  the  glycol  content^vH’fF0  etermine  glycerin  separately 

periodic  „dd.  b0™«de£  ?e0;8,r's  "T  "i,h 

fopoic  acid  as  S  P„ 


44 


Quantitative  Organic  Analysis 


glycerin  can  be  determined  separate  from  the  glycols  by  measurement  of 
the  formic  acid. 

CH2OH 

CHOH  +  2HI04  —  2CH20  +  H20 
CH,OH  +  HCOOH  +  2HI03 

Adapted  from  the  Method  of  P.  Bradford,  W.  D.  Pohle,  J.  K.  Gunther,  and  V.  C. 
Mehlenbacher 

[Oil  and  Soap,  19,  189-93  (1942)] 

REAGENTS 

periodic  acid  solution.  Dissolve  20  grams  of  periodic  acid  in  one  liter  of 
water.  If  the  solution  is  not  clear,  filter  through  sintered  glass  filter.  Store  the 
solution  in  a  dark,  glass-stoppered  bottle.  The  oxidizing  power  of  this  solution 
decreases  slowly  with  time.  A  blank  must  be  run  each  day  analyses  are  made. 
sodium  hydroxide  0.1250 N.  Standardize  with  potassium  acid  phthalate  using 

phenolphthalein  indicator. 

methyl  RED.  Dissolve  0.1  gram  in  100  ml  of  95%  alcohol. 

Sodium  hydroxide,  approximately  0.05  N. 

Sulfuric  acid,  approximately  0.2 N. 


PROCEDURE 

The  amount  of  excess  periodic  acid  in  the  glycerol-periodic  acid  reac¬ 
tion  is  critical  Therefore  it  is  necessary  to  know  the  approximate  co 

centratioii'of  .he  .ample  ,o  he  analyzed.  Some  ,m»> 

made  to  locate  the  approximate  range.  Refer  to  Table  15  for 

sample  to  be  weighed. 

All  weiehine  must  be  accurately  and  rapidly  made. 

WeiSs  are  conveniently  made  in  a  small  beaker  (or  weighing 

bottle),  pouring  from  this  mto  a  flask  or  2-liter  volumetric 

»  -  -  ■ 

To1 h3»riollo»“  «  .™e  procedure,  u.iug  . 
500 -ml  volumetric  flu.k  metead  ol  a  2-i'jer  vesse^  wtl,hl„g 

ssr » -  -  - — 

with  a  watch  glass. 
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Table  15.  Weight  of  Sample  to  be  Taken  for  Analysis  Based  on  the  Glycerin  Content 


Per  Cent 
Glycerol 
in  Product 
to  be 
Analyzed 


Size  of  Sample 
to  be  Selected 
if  Entire  Sample 
is  Used  for  Analysis 


Size  of  Sample 
to  be  Selected 
if  Same  is  to  be 
Diluted  to  2  liters 
and  50  ml.  With¬ 
drawn  for  Analysis 


Size  of  Sample 
to  be  Selected 
if  Same  is  to  be 
Diluted  to  500  ml. 
and  50  ml.  With¬ 
drawn  for  Analysis 


100 

0.1200  to  0.1500 

4.8  to  6.0 

90 

0.1 330  to  0.1670 

5.3  to  6.7 

80 

0.1 500  to  0.1880 

6.0  to  7.5 

70 

0.1 720  to  0.2180 

6.9  to  8.6 

60 

0.2000  to  0.2500 

8.0  to  10.0 

50 

0.2400  to  0.3000 

9.6  to  12.0 

40 

0.3000  to  0.3750 

12.0  to  15.0 

30 

0.4000  to  0.5000 

16.0  to  20.0 

4.0  to  5.0 

25 

0.4800  to  0.6000 

4.8  to  6.0 

20 

0.6000  to  0.7500 

6.0  to  7.5 

15 

0.8000  to  1.000 

8.0  to  10.0 

10 

1.200 

to  1 .5 

12.0  to  15.0 

8 

1.5 

to  1.88 

15.0  to  18.8 

7 

1.72 

to  2.18 

6 

2.0 

to  2.5 

5 

2.4 

to  3.0 

4 

3.0 

to  3.75 

3 

4.0 

to  5.0 

2 

6.0 

to  7.5 

1 

12.0 

to  15.0 

0.9 

13.3 

to  16.7 

0.8 

15.0 

to  18.8 

0.7 

17.2 

to  21.8 

0.6 

20.0 

to  25.0 

0.5 

24.0 

to  30.0 

0.4 

30.0 

to  37.5 

0.3 

40.0 

to  50.0 

0.2 

60.0 

to  75.0 

Add  one  drop  of  the  methyl  red  indicator  to  the  sample  in  the  600-ml 
bea^r  ac,d,fy  th  the  0,2N  sulfuric  acid.  NeutraJ  W|th  (h7™ 

sodium  hydroxide  to  the  yellow  color  that  corresponds  with  a  pH  of  about 
g  he  indicator,  use  the  pH  meter.  Add  with  a  pinet  50  ml  nf 

.r,tndCi;hatkoesLennd  C  1  ^  th<Tgh  “S’  ™  ^  ^ 

anew  to  stand  for  1  hour  at  room  temperature.  At  the  same 
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time  prepare  a  blank  containing  only  50  ml  of  water,  with  no  glycerol, 
and  run  along  with  the  sample. 

After  allowing  the  sample  to  stand  for  1  hour,  dilute  to  240  to  250  ml 
and  titrate  with  the  0.125N  sodium  hydroxide,  using  a  pH  meter  equip¬ 
ped  with  glass  and  calomel  electrodes  to  determine  the  end  point.  The 
sample  should  be  agitated  with  a  stirrer  during  the  titration. 

A  curve  is  plotted  of  pH  versus  milliliters  of  sodium  hydroxide  for  the 
blank  and  sample  titrations.  The  end  points  are  read  from  these  curves. 


CALCULATION 

(X-Y)xNx  0.09206  x  100 

%  Glycerol  — - — - 

Vv 

X  =  milliliters  of  sodium  hydroxide  to  titrate  sample 
Y  =  milliliters  of  sodium  hydroxide  to  titrate  blank 
N  =  normality  of  sodium  hydroxide 
W  =  weight  of  sample 


NOTES  ON  METHOD 

Cork  should  not  be  used  to  stopper  any  of  the  flasks  used  in  this 
determination  nor  in  any  other  way  be  allowed  to  come  in  contact  with 
any  of  the  materials  used  in  or  for  the  analysis,  since  periodic  acid  will 

react  with  cork.  . 

The  titration  for  the  formic  acid  (titration  of  the  sample  minus  the 

titration  of  the  blank)  must  be  not  less  than  30%  and  not  more  than  40 /o 
of  the  blank  titration.  This  is  to  ensure  the  proper  ratio  of  periodic  acid  to 
sample,  that  is,  the  correct  excess  of  reagent. 


Acidic  Hydroxyl  Groups  (Enols,  Phenols,  Nitro-Alcohols) 

Hydroxyl  groups  are  known  to  be  acidic,  but  most  are  too  weakly  acidic 
to  be  titrated  with  base.  The  hydroxyl  group  often  exists,  however, 

on  ,h„  intensities  it.  ».»<*■  For  example,  «  W™*  group 
adjacent  to  a  double  bond  (-C-C-)  sueh  «  occur.  ,«  ends  and 

OH 
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group  rises  with  the  number  of  nitro  groups  on  the  molecule.  The  same  is 
true  in  the  aliphatic  alcohols:  that  is,  propanol  is  not  titratable;  however 
dinitropropanol  is  quite  acidic  and  can  be  readily  titrated. 

Some  of  these  acidic  hydroxy  compounds  such  as  dinitrophenols,  and 
trinitrophenols  are  strong  acids  and  can  be  titrated  readily  in  water.  These 
are  the  exceptions,  however;  most  of  these  acidic  hydroxyl  compounds 
are  relatively  weak  acids  and  can  best  be  titrated  only  in  nonaqueous 
media.  The  best  titration  solvents  for  weak  acids  are  generally  the  basic 


solvents  such  as  pyridine,  dimethylformamide,  and  ethylenediamine. 
However,  the  authors  have  been  successful  many  times  using  acetone  as 
the  solvent  with  methanolic  potassium  hydroxide  or  potassium  methylate. 
The  basic  solvents,  however,  have  the  widest  application.  The  papers  of 
Peal  and  Wyld  (10)  and  Harlow,  Noble,  and  Wyld  (11)  summarize  the 
titration  of  weak  acids  in  the  various  solvents. 

The  use  of  tetrabutylammonium  hydroxide  has  recently  extended  the 
range  of  enol  and  phenol  determination  beyond  that  of  Fritz  (12),  who 
used  sodium  methoxide  dissolved  in  benzene-methanol  and  where  di¬ 
methylformamide  or  ethylenediamine  were  tetration  solvent  media.  The 
procedure  of  Fritz  is  a  modification  of  the  work  of  Moss,  Elliot,  and  Hall 
(13),  who  used  ethylenediamine  as  solvent  and  the  sodium  salt  of 
ethane  amine  as  titrant.  The  quaternary  hydroxide  is  an  organic  soluble 

very  strong  base.  This  base  has  been  used  successfully  for  very  weak  acids 
in  many  solvents  as  will  be  shown.  * 

The  procedure  to  be  described  is  the  most  generally  applicable  system 
in  the  opinion  of  the  authors  of  this  book. 


Method  of  R.  H.  CundifF  and  P.  C.  Markunas 

[Reprinted  in  Part  from  Anal.  Chem.,  28 ,  792-7  (1956)] 

.ilr.th*b““S  7ef!  ”e?  <*»  Po’eniiomeitic 

«<k„i„n  caZeTdec He  T  ™  0b“ned  b»  * 

electrode.  Constant  potentials  were  reached 

>  •:  S  a.  ?7’  47-55  <”*>. 

\i  l.  S„Fn,z-  Anal-  Chem.,  24,  674-5  (1952)  *  ’  'W  °1Cm’  28-  787‘91  (1956). 

3  "  '■  Bli«  -  »• «.  cL.  10.  *  lmtl 
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rapidly,  remained  steady,  and  were  reproducible.  No  precipitate  formed 
in  the  titration  of  any  acidic  compound  tested,  and  indicators  could  be 
used  with  many  test  compounds.  In  addition  much  better  differentiation 
between  various  acidic  groups  within  the  same  molecule  or  in  mixtures 
was  realized  with  this  titrant  than  has  been  reported  for  other  basic 
titrants. 

In  this  work  acids  similar  in  strength  to  the  mineral  acids  are  desig¬ 
nated  “strong  acids,”  those  similar  in  strength  to  the  unsubstituted 
monocarboxylic  acids  are  designated  “weak  acids,”  and  those  similar  in 
strength  to  phenol  are  designated  “very  weak  acids.” 


PREPARATION  OF  TETRABUTYLAMMONIUM  HYDROXIDE 

The  starting  compound  for  the  preparation  of  tetrabutylammonium 
hydroxide  (Bu4NOH)  is  tetrabutylammonium  iodide  (Bu4NI).  This  com¬ 
pound,  although  available  commercially,  may  be  prepared  by  refluxing 
butyl  iodide  with  n-tributylamine.  Recrystallization  from  benzene  yields  a 

material  of  sufficiently  high  purity. 

In  some  of  the  preliminary  work  tetrabutylammonium  hydroxide  was 
prepared  by  passing  a  benzene-methanol  solution  of  tetrabutylammonium 
iodide  through  an  Amberlite  IRA-41  l(OH)  anion-exchange  resin  A 
satisfactory  titrant  was  obtained  in  this  manner,  but  it  was  not  too  suitable 
a  preparation  because  the  exchange  capacity  of  the  resin  for  iodide  was 
poor,  and  it  was  exceedingly  difficult  to  regenerate  the  hydroxide  from 

the  iodide  form  of  the  resin.  .  ,  .  , 

The  classical  preparation  of  the  quaternary  ammonium  hydroxules  is  by 

reaction  of  an  aqueous  solution  of  a  quaternary  ammonium  halide  with 
aaueous  suspension  of  silver  oxide.  It  was  found  that  tetrabuty.am- 
monTum  hydroxide  could  be  prepared  in  either  methanol  or  ethanol  by 
reaction  of  tetrabutylammonium  iodide  solution  with  an  excess  o  si  v 
S  The  reaction  ^proceeds  readily  a.  room  temperature.  The  prepara¬ 
tion  of  0.1  JV  tetrabutylammonium  hydroxide  is  as  f 


procedure  for  titrant 

flask,  and  agitate  vigorously  for  I  hour.  Cenm  uge  a  add 

mixture  anti  test  .he  supern.l.n,  lo, 

-  -  — * — 
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the  reaction  flask  and  funnel  with  three  50-ml  portions  of  dry  benzene, 
and  add  to  the  filtrate.  Dilute  the  filtrate  to  1  liter  with  dry  benzene. 
Flush  this  solution  for  5  minutes  with  prepurified  nitrogen  and  store  in  a 
reservoir  protected  from  carbon  dioxide  and  moisture.  The  titrant  re¬ 
mains  stable  on  extended  storage.  Standardize  against  benzoic  acid  by  the 
visual  titration  procedure. 

Ethanol  may  be  substituted  for  methanol  in  this  procedure,  but  tet- 
rabutylammonium  iodide  is  more  soluble  in  methanol,  and  there  is  little 
difference  in  the  strength  of  the  resulting  titrants. 

In  certain  situations  1  to  2%  of  a  weak  base  impurity  may  cause 
difficulties  by  producing  separate  inflections  in  potentiometric  titration 
curves,  and  such  impurities  have  been  found  frequently  in  tetrabutylam- 
monium  hydroxide  prepared  by  this  procedure.  Marple  and  Fritz  (14) 
gave  the  following  preparation  method  to  eliminate  these  impurities. 

Slurry  23  grams  of  purified  silver  oxide  with  130  ml  of  a  75% 


methanol-25  %  water  solution  in  an  ice  bath  at  0°C.  Add  slowly,  32  grams 
of  tetrabutylammonium  bromide  in  35  ml  of  pure  methanol,  and  stir  for 
10  to  15  minutes.  Filter  the  base  solution  through  a  coarse  sintered-glass 
frit  into  a  flask  containing  0.5  gram  of  activated  charcoal,  mix  well,  and 
let  settle  for  several  hours.  Filter  the  base  solution  through  a  fine 
sintered-glass  frit  into  a  flask  containing  a  stirring  bar.  Remove  the 
methanol  by  evaporation  at  a  pressure  of  25  mm  Hg.  Transfer  the  aque¬ 
ous  solution  to  a  250-ml  graduate  addition  funnel  and  dilute  to  200  ml 
With  boiled  distilled  water.  Add  30  to  40  ml  of  pure  benzene,  shake 
vigorously  and  let  the  two  phases  separate  completely.  Pass  the  aqueous 
solution  through  a  column  containing  8  to  10  grams  of  strong  base 

IRAn4mi  f  T  '?  ‘h"  hydr°Xide  f°rm  (Rohm  a"d  Haas  Amberlite 

-rm"  7  l  0f  boiled  distilled  water-  Collect  the  eluate 

a  5°0-m|  Erlenmeyer  flask,  protecting  the  eluate  from  carbon  dioxide 

Distill  most  of  the  water  from  the  base  at  a  pressure  of  20  mm  Hg  until 

the  crystalline  hydrate  is  formed.  When  titrant  is  needed  m  * 

fir0OmmhHgCrTShtal,ine  F***  n*°  the  Vapor  P—  ^  between 7‘to 
1  liter  with  a  mTxture  ofS°20o/On'  W'"  approximate|y  2 M.  Dilute  to 
so.ut.on  is  approximate,;  0.1N  ,S°Pr°PanOl-80%  b“-  The  final 


APPARATUS  and  reagents 


Beckman  general  purpose  glass  electrode.  No  4990  80 

Beckman  sleeve-, ype  calomel  electrode.  No  H70  71  a  k 

14.  L.  W.  Marple  and  I  s  f  ’  modlfied  by  replacing 

Marple  and  j.  S.  Fmz,  Anal.  Chem..  34,  796  (1962). 
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the  saturated  aqueous  potassium  chloride  solution  in  the  outer  jacket  with  a 
saturated  solution  of  potassium  chloride  in  methanol;  designated  hereafter  as 
methanol -modified  calomel  electrode. 

Buret,  10  ml. 

Tetrabutylammonium  hydroxide,  0.1N,  in  10  to  1  benzene-methanol,  prepared 
as  described  previously. 

Acetonitrile,  technical  grade. 

Pyridine,  technical  grade. 

Dimethylformamide,  technical  grade  (Du  Pont). 

Benzene-isopropyl  alcohol,  10:1.  Mix  100  ml  of  isopropyl  alcohol  with  1  liter 
of  benzene. 

Thymol  blue  indicator  solution.  Dissolve  0.3  gram  of  thymol  blue  in  100  ml  of 
isopropyl  alcohol. 

Azo  violet  indicator  solution,  a  saturated  solution  of  p-nitrobenzeneazo- 

resorcinol  in  benzene. 

Nitrogen,  prepurified. 


POTENTIOMETRIC  TITRATIONS 


PROCEDURE 


Accurately  weigh  a  sample  that  will  require  a  titration  of  2  to  10  ml 
into  a  250-ml  beaker.  Add  50  ml  of  solvent  and  place  in  position  under 
the  glass  and  methanol-modified  calomel  electrodes.  Fill  the  buret  with 
0.11V  tetrabutylammonium  hydroxide  and  cover  the  buret  top  wit  an 
Ascarite  tube.  Best  results  are  obtained  if  the  titrations  are  performed 
under  a  nitrogen  blanket  when  basic  solvents,  such  as  dimethylformamide 
or  pyridine,  are  used.  Add  the  titrant  in  0.1 -ml  increments  until  just 
before  the  equivalence  potential  is  indicated,  then  in  0.05-ml  incremen  . 
Continue  the  titration  until  the  cell  potential  reaches  a  maximum  and 
remains  relatively  constant  on  addition  of  titrant.  Because  most  of  the 
solvents  contain 'acidic  impurities,  it  is  necessary  to  perform  a  blank 

^Prepare  a  titration  curve  by  plotting  volume  of  titrant  against  milli- 

<*«  'A™"""  “  p0m,S  ,r0, TALreni 

When  two  or  more  inflections  are  present  in  the  curve,  use  the  diffe  ence 
betwee'n  successive  equivalence  points  to  calculate  the  volume  of  titrant 

equivalent  to  the  acids  represented. 


TITRATION  OF  KNOWN  ACIDS 

a  — « °«  «*»?  “>-<»-? “  rsi-s 

tiometric  method.  Pyr>d'ne  ®  The  ,,  potentials  were  steadier 

tetrabutylammonium  hydroxide  titrant.  1  he  cen  p 


Hydroxyl  Groups 


51 


and  were  reached  more  rapidly  in  this  solvent  than  in  others  tested. 
Dimethylformamide  was  also  used,  but  was  not  as  satisfactory  as  pyridine. 
Acetonitrile  was  the  best  of  the  neutral  solvents  tested,  although  other 
neutral  solvents  including  benzene-methanol,  benzene-ethanol,  benzene- 
isopropyl  alcohol  (all  in  10:1  volume  ratios),  and  acetone  were  usable. 

The  strongly  basic  solvents,  n-butylamine  and  ethylenediamine,  have 
not  been  studied  exhaustively  as  yet  because  the  potential  range  was  so 
greatly  compressed  in  these  solvents.  In  dimethylformamide  and  pyridine 
the  emf  range  is  approximately  900  mV,  whereas  in  ethylenediamine  and 
n-butylamine  this  range  is  compressed  to  approximately  300  mV.  In 
addition,  the  titrations  in  pyridine  or  dimethylformamide  were  much 
more  definitive. 

Good  titration  curves  were  obtained  with  glass-calomel  electrodes; 
however,  the  sharpness  of  the  inflections  was  markedly  increased  with  the 
substitution  of  the  methanol-modified  calomel  electrode.  The  fiber-type 
calomel  electrode  may  be  used  with  or  without  methanol  modification, 
but  occasionally  it  yields  erratic  readings  because  of  precipitation  of 
potassium  chloride  on  the  fiber.  The  antimony-calomel  electrode  system 
was  also  usable  in  pyridine  and  dimethylformamide  solutions,  as  well  as 
the  antimony  and  methanol-modified  calomel  electrodes  These 
antimony-calomel  electrode  pairs  were  not  nearly  as  satisfactory  as  the 
glass  and  methanol-modified  calomel  electrodes. 


RESULTS 
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isopropyl  alcohol  water  (9:1  by  volume),  or  benzene-methanol  (10  1  b' 

Phene  s  titrated  l  t  ”*  6  ^  *"  when 

pnenol  1S  titrated  in  benzene-isopropyl  alcohol,  acetonitrile,  and  pyridine 

th  the  same  titrant.  Comparison  of  curves  5  and  6  indicates  the 

improvement  of  the  inflection  with  the  methanol-modified  electrode  In 

when  3  rnTT  inflection’  much  steadier  potentials  were  obtained 
when  the  modified  electrode  was  used.  The  following  tabulation  gives  the 

curve  numbers  in  Fig.  1.2,  along  with  the  variables  represented  by  each. 


Curve  Solvent 


Solvent 

for  Titrant  Electrodes 


1 

2 

3 

4 

5 

6 


Dimethylformamide 

Benzene- 

isopropyl 

alcohol 

Dimethylformamide 


Acetonitrile 

Pyridine 

Pyridine 


Water 

Benzene-methanol 

Water- 

isopropyl 

alcohol 

Benzene-methanol 

Benzene-methanol 

Benzene-methanol 


Glass-calomel 

Glass-modified 

calomel 

Glass-calomel 


Glass-modified 

calomel 

Glass-calomel 

Glass-modified 

calomel 


Figure  1.3  shows  the  titration  curves  for  2-mercaptobenzothiazole, 
succinimide,  salicylaldoxime,  acetyl  acetone,  and  a-toluenethiol,  all  ex¬ 
amples  of  very  weak  acids  with  the  exception  of  2-mercap¬ 
tobenzothiazole.  The  samples  were  dissolved  in  pyridine  and  titrated 
with  0.1N  tetrabutylammonium  hydroxide  in  benzene-methanol  using 
glass  and  methanol-modified  calomel  electrodes. 

Figure  1.4  gives  the  titration  curves  for  a  series  of  di-  and  trihydroxy- 
benzenes,  in  which  the  samples  were  titrated  with  0.1N  tetrabutyl¬ 
ammonium  hydroxide  using  the  glass  and  methanol-modified  calomel 
electrodes.  A  single  inflection  was  obtained  for  each  compound.  Each  of 
these  compounds  was  found  to  be  monobasic  in  this  titration.  Curves, 
solutes,  and  solvents  are  related  as  follows: 

Curve  Solute  Solvent 


1 

2 

3 

4 

5 


Resorcinol 
Hydroquinone 
Dihydrodimethylresorcinol 
Pyrogallic  acid 
Catechol 


Dimethylformamide 

Dimethylformamide 

Pyridine 

Pyridine 

Pyridine 
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Fig.  1.3.  Titration  of  very  weak  acids:  1,  a-toluenethiol;  2,  salicylaldoxime;  3,  succinimide;  4, 
acetyl  acetone;  5,  2-mercaptobenzothiazole. 


Titration  curves  for  o-,  m-,  and  p-hydroxybenzoic  acids  are  shown  in 
lg.  1.5.  The  solvent-titrant-electrode  system  was  pyridine,  0.1  N  tetra- 
butylammomum  hydroxide  in  benzene,  methanol,  and  glass  and 
methanol-modified  calomel,  respectively.  Two  inflections  were  obtained 
for  m- and  p-hydroxybenzoic  acids,  but  only  a  single  inflection  represent- 

!nf  re,?K  y  gr°UP  W3S  obtained  for  °'hydroxy benzoic  acid,  indicat¬ 
ing  that  the  compound  is  monobasic  in  this  titration. 
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Fig.  1.5.  Titration  of  hydroxybenzoic  acids:  1,  m-hydroxybenzoic  acid;  2,  p-hydroxybenzoic 
acid;  3,  o -hydroxybenzoic  acid. 


Figure  1.6  shows  the  titration  curves  of  acid  mixtures  with  three 
inflections  in  each  curve.  Curves  2  and  3  represent  the  titration  of  a 
mixture  of  a  strong  acid,  a  weak  acid,  and  a  very  weak  acid.  Curve  1  is  for 
the  titration  of  acetic  and  malic  acids  in  pyridine  solution.  Malic  acid  has 
dissociation  constants  in  water  of  the  order  of  10  4  and  10  ,  whereas 
acetic  acid  has  a  dissociation  constant  of  the  order  of  10  5.  In  this 
particular  curve,  the  first  and  third  inflections  represent  the  two  acid 
equivalents  of  malic  acid,  whereas  the  second  inflection  represents  the 

acetic  acid  equivalent. 

For  the  curves  in  Fig.  1.6  the  solvent-titrant-electrode  system  was 
pyridine,  0.1N  tetrabutylammonium  hydroxide  in  benzene-methanol,  an 
glass  and  methanol-modified  calomel  electrodes,  respectively. 


VISUAL  TITRATIONS 

Accurately  weigh  a  sample  that  will  require  6  to  8  ml  of  titrant  into  a 
125-ml  Erlenmeyer  flask.  Add  25  ml  of  solvent  and  4  drops  of  thymol 
w«  O,  .»  .«*.  indicator  solu.ion  (,h,mol  Mu.  for  weak  monoOa,, 
acids  azo  violet  for  weak  dibasic  acids  and  very  weak  acids).  T  ‘rate  *s 
rapidly  as  possible  with  0. 1 N  tetrabutylammonium  hydroxide  to  the 
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Hg.  1.6.  Titration  of  acid  mixtures: 
acid,  phenol;  3,  hydrochloric  acid. 


1,  acetic  and  malic  acids;  2,  p-toluenesulfonic  acid,  benzoic 
acetic  acid,  p-cresol. 


end  point  with  thymol  blue  indicator,  or  to  a  violet  or  in  some  instances  a 
blue  end  pom,  with  azo  violet  indicator.  It  is  necessary  either  To  make  a 

adding  ,itrato°tnhe0salnhple0lVent  "  ‘°  neU‘ra'iZe  the  S°'Vent  exact,y  Prior  to 


results 


byT^TTmboTTrTuTTdTnTi  ,',in  pyridine  cou,d  be  det™«‘ 

visual  change  in  most  instances  with  thv  1  m  3Z°  V'°'et  indicator-  The 
and  thymol  blue  is  the  indicator  of  rh  ^m°  blue  was  from  green  to  blue, 
v”'" « 

color  at  the  end  point  for  com.  no  en  '“rating  very  weak  acids.  The 

■* ,  •’»  « 

compound  has  an  azo  violet  end  no  ,  V  ascertain  whether  a 

violet.  V,°let  end  P°,nt’  and  if  the  end  point  is  blue  or 

If  a  compound  has  a  thvmol  hln^ 

Ihe  corresponding  visual  end  point  in  th  “  Pyr'di"e  '*  W'"  aiso  have 
acetonitrile,  benzene-alcohol,  or  acetone  A&  ne“tral  solvents  such  as 
acds  will  have  an  azo  violet  end  SnTm  ^ 
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PRECISION 

The  precision  of  the  indicator  titration  procedure  was  tested  by  titrating 
10  samples  of  2-mercaptobenzothiazole  and  10  samples  of  citric  acid  in 
acetonitrile  solution  to  the  thymol  blue  end  point.  The  mean  percentage 
purity  of  the  2-mercaptobenzothiazole  was  98.82,  with  a  standard  devia¬ 
tion  of  0.264.  The  mean  percentage  purity  of  the  citric  acid  was  99.53, 
with  a  standard  deviation  of  0.213. 

Similar  tests  were  conducted  on  1-naphthol  and  succinimide  com¬ 
pounds  that  may  be  titrated  to  the  azo  violet  end  point.  The  mean 
percentage  for  10  analyses  of  1-naphthol  in  acetonitrile  was  99.86,  with  a 
standard  deviation  of  0.166;  the  mean  percentage  for  10  analyses  of 
1-naphthol  in  pyridine  was  99.65,  with  a  standard  deviation  of  0.271.  The 
mean  percentage  for  10  analyses  of  succinimide  in  pyridine  was  99.13, 
with  a  standard  deviation  of  0.348. 


COMPOUNDS  TITRATED  WITH  0.1N  TETRABUTYLAMMONIUM 
HYDROXIDE 


Listed  below  are  some  of  the  acid  compounds  that  have  been  success¬ 
fully  titrated  in  pyridine  with  0.1N  tetrabutylammonium  hydroxide  in 
benzene-methanol.  Glass  and  methanol-modified  calomel  electrodes  were 
used  throughout  and  thymol  blue  or  azo  violet  indicators  were  used  as 


indicated. 

MONOBASIC  COMPOUNDS  HAVING  THYMOL  BLUE  END  POINT.  Acetic  acid, 

benzoic  acid,  nicotinic  acid,  salicylic  acid,  ammonium  nitrate,  ammonium 
acetate,  p-nitrophenol,  o-nitrophenol,  2,4-dinitrophenol,  2-mercapto- 
benzothiazole. 


amino  acids  having  thymol  blue  end  point.  Samples  were  dissolved  in 
a  minimum  amount  of  water  and  pyridine  was  added. 

Alanine,  leucine,  threonine,  asparagine,  methionine,  hydroxyproline, 
glutamine,  glycylglycine,  glutamic  acid,  aspartic  acid,  arginine  hydro¬ 
chloride,  histidine  hydrochloride. 

MONOBASIC  COMPOUNDS  HAVING  AZO  VIOLET  END  POINT.  Phenol,  p-benzy  - 

phenol,  o- phenylphenol,  1-naphthol,  2-naphthol,  2,5-dimethylphenol,  p- 
bromophenol,  catechol,  pyrogallic  acid,  dihydrodimethylresorcinol,  suc¬ 
cinimide,  phthalimide,  salicylaldoxime,  acetyl  acetone,  p-chloro- 
thiophenol,  a-toluenthiol,  5-amino-2-benzimidazolethiol 
D, BASIC  compounds  having  azo  violet  end  point.  m-Hydroxybenzoic 
acid  p-hydroxybenzoic  acid,  malic  acid,  oxalic  acid,  malomc  acid  maleic 
add  fumaric  acid,  succinic  acid,  o-phthalic  acid,  and  sulfur, c  acid.  Two 
inflections  were  observed  in  the  titration  curves  of  all  these  compounds. 
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Citric  acid,  a  tribasic  compound,  has  an  azo  violet  end  point  coinciding 
with  the  potentiometric  end  point  of  its  second  equivalent,  and  thus 
would  be  considered  dibasic  in  a  visual  titration. 

MONOBASIC  COMPOUNDS  TITRATED  POTENTIOMETRICALLY  BUT  WITH  NO  SUITA¬ 
BLE  visual  end  point.  Thymol,  hydroquinone,  resorcinol,  p-tolu- 
hydroquinone,  ra-cresol,  p-cresol. 


Determining  Mixtures  of  Alcohols 

A  method  exists  for  determining  mixtures  of  alcohols  utilizing  the 
difference  in  their  esterification  rates.  This  method,  described  on  pp. 
826-832  in  the  chapter,  “Utilizing  Differential  Reaction  Rates  to  Resolve 
Mixtures  of  Compounds  Containing  the  Same  Functional  Groups,”  will 
determine  mixtures  of  primary  and  secondary  alcohols,  distinguish  even 
primary  and  secondary  hydroxyl  groups  on  the  same  molecule,  and  also 
will  distinguish  alcohols  of  a  homologous  series— even  members  different 
by  only  one  carbon  atom.  Other  methods  for  differentiating  primary  and 
secondary  alcohols  are  shown  on  pages  67-82. 


PHENOLS  ONLY 

Bromination  Method 


Phenols  can  be  determined  by  bromination 
reaction. 


according  to  the  following 


OH 

r^S 


+  3Br2  — > 


OH 

Br 


+  3HBR 


*  rather  narrow  range  of 
methods.  °dS  mentl0ned  previously  are  the  preferred 

«  So;"1  sTiiz'rzzr, onl  vn.  «» ■- 

organic  molecules  other  than  phenols  f7  SUbSt,t“t,on  of  Mrogens  on 
alkyl  groups  on  the  phenol  can  be  substituted  ^hh13 ^  Mrogens  on  any 
much  slower  than  the  substitution  of  th,*  ^  ,  h,°Ugh  th,s  substitution  is 
constitute  on,,  ,  po„i„„  of  ,he  ^  thZnphe'Sic 
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substitute  bromine,  yielding  high  results.  In  addition,  any  material  ox- 
idized  by  bromine  is  an  interference. 

In  spite  of  these  shortcomings,  however,  the  bromination  method 
occasionally  finds  application  in  cases  where  the  acidimetric  method 
cannot  be  used;  that  is,  a  small  amount  of  phenol  in  the  presence  of  large 
quantities  of  other  organic  acids. 


Method  from  Scott’s  Standard  Methods  of  Chemical  Analysis 

(■ Adapted  with  Permission  from  Wilfred  Scott,  Standard  Methods  of  Chemical 
Analysis,  5th  ed..  Edited  by  N.  Howell  Furman,  Vol.  II,  D.  Van  Nostrand  Co., 
New  York,  1939,  p.  2253). 


REAGENTS 

0.1N  Bromate-bromide.  2.78  grams  of  anhydrous  CP  potassium  bromate,  and 
10  grams  of  potassium  bromide  are  dissolved  in  water  and  diluted  to  one  liter. 


PROCEDURE 

Dissolve  a  sample  containing  0.02  equivalent  of  compound  in  water 
and  dilute  to  1  liter.  Dissolve  an  insoluble  phenol  in  a  minimum  of 
aqueous  sodium  hydroxide  before  dilution.  Take  a  100-ml  aliquot  in  a 
glass-stoppered  iodine  flask,  and  add  50  ml  of  bromate-bromide  reagent. 
Shake  the  flask  to  mix  the  reactants  and  then  add  5  ml  of  concentrated 
hydrochloric  acid.  Shake  the  solution  again  and  allow  to  stand  15  min¬ 
utes;  then  add  2  grams  of  potassium  iodide,  and  titrate  the  liberated 
iodine  with  0.1N  thiosulfate. 

Make  a  blank  run  on  50  ml  of  the  bromate-bromide  solution. 
Milliliters  for  blank  minus  milliliters  for  sample  =  A 

A  xN  thiosulfate  x  mol,  wt.  of  phenol  x  100  =  %  phenol 
Grams  of  sample  x  2000  x  B 

where 

B  =  number  of  bromine  atoms  that  will  substitute  on  the 
particular  phenol  being  determined 

The  procedure  as  described  in  Scott’s  Standard  Methods  of  Chemical 
Analysis  was  intended  only  for  phenol.  The  procedure  was  found  to  work 
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very  well  for  other  phenols,  however.  Materials  that  have  been  deter¬ 
mined  successfully  are  phenol,  resorcinol,  p-tert- amyl-,  p-tert- butyl-,  p-n- 
octyl-,  and  o-rc-octylphenol. 

Alkylated  phenols  should  not  be  kept  in  contact  with  the  bromine  for 
more  than  3  minutes,  since  bromine  will  tend  to  substitute  on  the  alkyl 
groups  and  make  the  results  slightly  higher.  Unsaturated  compounds  will 
of  course  interfere,  since  they  add  bromine.  Aromatic  amines  will  inter¬ 
fere  also,  since  they  rapidly  substitute  bromine;  in  fact,  they  can  be 
determined  by  the  foregoing  method. 


DIRECT  TITRATION  OF  PHENOLS  WITH  BROMINE 
IN  PROPYLENE  CARBONATE 

Adapted  from  the  Method  of  R.  D.  Krause  and  B.  Kratochvil 

[Anal.  Chem.,  45 ,  844  (1973)] 

Propylene  carbonate  (PC)  has  certain  advantages  as  a  solvent  for  the 
direct  titration  of  phenols  with  bromine.  Most  phenols  as  well  as  their 
bromination  products  are  soluble  in  PC.  PC  is  resistant  to  chemical  attack 
by  halogens  and  its  high  dielectric  constant,  65,  increases  reaction  rates  It 
has  a  wide  liquid  range  (-49  to  242°C),  is  colorless,  odorless,  and 
nontoxic,  and  is  not  appreciably  hydroscopic.  Its  principal  disadvantages 

,re  3  a  U  ydro  yzes  fair|y  rapidly  in  the  presence  of  strong  acids  or 
bases  and  that  it  has  a  moderately  high  viscosity. 


reagents 

SSErs*1'  “  ■i" c  "iSKT 

ratio.  The  puri" o the ZilTpc'  ^  ^  ^  3t  3  10: 1 

•he  fraction*  re, Led  had  Tn  alTba^  ^1^250 

quartz  cell,  measured  against  distilled  water  hin  i  t  3  at  250  nm  ln  a  1-cm 

800-  and  the  last  200-ml  charges  were  d, scalded'  "  3  tyP‘Ca'  d'Sti"ation  ,he  ^ 


PROCEDURE 


perST5LrbLm°ZlLat  tMetr0hm  MOdel  E436  *ra«or  equip- 
fitted  with  a  Teflon  stopper  The  flask”*  ^  3  low-actinic  flask 

during  withdrawal  of  titrant  to  minimi  * 
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rate  of  titrant  delivery  was  about  2  ml  per  minute;  this  rate  was  automati¬ 
cally  decreased  in  the  end  point  region. 

The  titration  cells  were  4x  10-cm  cylindrical  glass  weighing  bottles  with 
machined  Teflon  convers.  A  1-cm2  platinum  flag  was  used  as  the  indicat¬ 
ing  electrode.  The  reference  electrode,  a  silver  wire  in  a  0.0 IN  silver 
perchlorate  in  PC  solution,  was  placed  in  a  glass  tube  sealed  to  a  short 
length  of  porous  Vycor  rod,  and  the  rod  was  immersed  in  a  bridge 
solution  of  0.1  M  lithium  perchlorate  in  PC.  The  bridge  was  separated 
from  the  solution  being  titrated  by  a  0.9  to  1,4-jitm  glass  frit.  Magnetic 
stirring  was  used.  Samples  typically  ranged  in  size  from  0.3  to  1  mM  and 
were  dissolved  in  approximately  25  ml  of  PC. 

The  exact  concentration  of  a  0.05 M  solution  of  tetraethylammonium 
bromide  in  PC  was  determined  by  precipitation  of  silver  bromide  in  a 
mixture  of  25  ml  of  PC  and  250  ml  of  0.01  M  nitric  acid  in  deionized 
water.  The  titrant,  0.5 M  bromine  in  PC,  was  standardized  by  titration  of 
a  25-ml  aliquot  of  this  standard  bromine  solution.  The  titrations  were 
made  potentiometrically  with  the  electrode  system  described.  Titration  of 
tetrabutylammonium  bromide  with  bromine  in  PC  yields  a  potential 
break  at  a  1:1  mole  ratio  corresponding  to  formation  of  tribromide  ion. 
The  relative  standard  deviation  of  replicate  standardization  titrations  on 
the  automatic  titrator  was  2  ppt  or  better.  When  stored  in  a  closed  system 
to  minimize  bromine  volatilization  and  protected  from  light,  the  concen¬ 
tration  of  0.5M  bromine  solutions  in  PC  decreased  less  than  0.3%  per 
day.  In  contrast,  solutions  exposed  to  normal  laboratory  illumination 
decreased  on  the  order  of  2%  per  day.  Solutions  prepared  from  commer¬ 
cial  PC  as  received  also  decreased  more  rapidly  than  solutions  prepared 
from  distilled  material. 


DISCUSSION  AND  RESULTS 


Addition  of  excess  bromine  to  phenol  in  PC  does  not  result  in  bromine 
substitution  because  PC  is  not  a  strong  enough  base  to  accept  the  protons 
released  in  the  reaction.  On  addition  of  3  or  more  equivalents  of  base 
such  as  pyridine  to  each  equivalent  of  phenol  in  the  solution,  however, 
formation  of  the  tribromophenol  is  rapid  and  complete^  The 
stoichiometry  is  6:1,  due  to  the  stability  of  tribromide  ion  in  PC.  lhe 
overall  reaction  in  the  presence  of  pyridine  can  be  written 


C6H5OH  +  3Py  +  3Br2— >C6H2Br3CT  +  3PyH+  +  3Br  +  H  ‘ 

'here  Pv  is  pyridine  and  PyH'  is  pyridinium  ion. 

Stoichiometries  in  titrations  of  representative  phenolic  compounds  are 
sted  in  Table  16,  along  with  the  effects  of  varying  amounts  of  pyridine. 
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Table  16.  Stoichiometries  in  Titration  of  Phenolic  Compounds  in  Propylene  Carbonate  as 

a  Function  of  the  Amount  of  Pyridine  Present0 

Ratio,  moles  of  pyridine  to  moles  of  phenol 


Lompuunu 

Titrated 

2:1 

3:1 

4:1 

6:1 

8:1 

10:1 

Phenol 

3.86 

5.85 

5.97 

5.99 

5.99 

5.92 

2-Naphthol 

3.93 

4.00 

3.98 

3.98 

4.00 

3.98 

p-Nitrophenol 

3.77 

3.96 

3.99 

4.00 

3.96 

3.99 

Salicylic  acid 

4.04 

4.61 

4.67 

4.54 

4.49 

4.43 

Methyl  salicylate 

3.73 

4.13 

4.05 

— 

4.02 

— 

p-Cresol 

3.79 

5.78 

5.97 

5.98 

5.99 

6.01 

Thymol 

3.84 

5.74 

5.97 

5.98 

5.99 

5.98 

Resorcinol 

4.19 

4.86 

7.68 

9.56 

10.01 

10.02 

a  Table  values  are  moles  of  bromine  per  mole  of  phenolic  compound  at  the  end 
point. 


Bromine  uptake  for  brominations  of  phenol,  2-naphthol,  p- 
nitrophenol,  and  methyl  salicylate  is  as  expected.  In  the  presence  of 
excess  pyridine,  phenol  consumes  6  equivalents  and  the  other  compounds 
4  equivalents  of  bromine.  Thus  all  free  positions  ortho  and  para  to  the 
hydroxyl  group  are  brominated  stoichiometrically. 

Salicylic  acid  consumes  about  15%  more  bromine  than  the  expected  4 
equivalents.  This  may  be  due  to  partial  substitution  of  the  carboxylic 
group  by  bromine,  a  common  side  reaction  in  the  bromination  of 

^nrbr°'c  uCldS'  Reduction  of  the  temperature  during  titration  to 
20  C  reduced  the  overconsumption  to  about  8%,  but  further  reduction 
of  the  temperature  gave  poorly  defined  titration  curves 
Titration  stoichiometries  for  the  bromination  of  p-cresol  thymol  and 
resorcinol  were  also  higher  than  expected.  With  the  assumption  that  the 
noccupied  ortho  and  para  positions  are  the  only  ones  brominated  the 
first  two  compounds  should  consume  4  moles  and  resorcinol  mot  of 
bromine.  Instead  the  amounts  are  6  and  in  tk 

for  resorcinol  could  be  written  example,  the  reaction 
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WOUld  be  analo8ous  to  the  tribromophenol  bromide 
t<~6H2Br3OBr)  formed  in  aqueous  solutions  of  phenol  containing  excess 
bromine  (15).  Thus  compounds  that  have  electron-releasing  substituents 
on  the  aromatic  nucleus  in  addition  to  the  first  hydroxyl  group  can 
undergo  substitution  of  the  hydroxyl  proton.  Indirect  evidence  of  interac¬ 
tion  of  the  hydroxyl  groups  is  given  by  the  disappearance  of  the  O-H 
stretching  band  at  3380  crrT1  when  excess  pyridine  and  bromine  are 
added  to  a  solution  of  resorcinol  in  PC. 

Phenolic  compounds  that  contain  a  proton-accepting  site  can  be  tit¬ 
rated  in  PC  without  addition  of  pyridine.  For  example,  8-hydroxy- 
quinoline  consumes  exactly  2  equivalents  of  bromine.  Although  the 
stoichiometry  of  the  reaction  is  2 : 1  as  in  aqueous  solution,  the  reaction 
products  are  tribromide  ion  and  monosubstituted  8-hydroxyquinoline  ion, 
not  the  dibromo  derivative.  To  illustrate  the  reproducibility  of  the  reac¬ 
tion,  titrations  of  0.6-meq.  samples  of  8-hydroxyquinoline  with  bromine 
in  PC  gave  an  average  of  99.8%  with  a  relative  standard  deviation  of 
1  ppt. 

Water  in  small  amounts  does  not  affect  any  of  the  brominations 
significantly,  but  at  levels  of  0.1M  or  so  it  interferes.  The  effect  of  water 
on  titration  plots  suggests  that  the  stability  of  the  tribromide  complex  is 
reduced  greatly  by  water,  presumably  through  bromide  solvation  by 
water. 

In  summary,  an  aprotic  solvent  such  as  PC  can  provide  a  useful 
medium  for  bromine  substitution.  Many  reactions  are  rapid,  and  the 
scope  appears  to  be  broad.  Unusual  stoichiometries  are  observed  with 
some  phenols,  and  the  formation  in  many  cases  of  the  tribromide  doubles 
the  sensitivity  of  the  method. 


Coupling  Methods 

Phenolic  compounds  will  couple  readily  with  diazonium  compounds  in 
alkaline  solution.  Compounds  with  active  methylene  groups  will  also 
couple,  as  will  some  amines. 


CH3 


cr+ 


ch3 


OH  +  HC1  removed  by  alkali 


15.  W.  M.  Lauer,  J.  Am.  Chem.  Soc.,  48,  442  (1926). 
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The  coupling  takes  place  in  the  para  position  on  the  phenol  or  amine 
unless  this  position  is  occupied,  in  which  case  the  coupling  may  take  place 
on  the  ortho  position,  although  the  reaction  at  the  ortho  position  will 
usually  be  considerably  slower.  Some  phenols  and  amines  will  couple  first 
in  the  para  position  and  then  will  commence  to  couple  in  the  ortho 
position.  The  compounds  containing  active  methylene  groups  will  couple 
at  these  groups. 


O 

II 

c 


N 


CH,/  \n=N 

/ 

cr + ch2 

\=/ 

\ 

N 


O 

II 

c 


CH  ,/  \n=NCH 


+  HC1 


:N 


CH 


The  coupling  procedures  vary  somewhat,  depending  on  the  reactivity  of 

dH  Soothe11  .r°IVe,d'  S°me  compounds  wi"  couPle  in  a  solution  at 
P  ,  others  will  couple  only  in  very  alkaline  solution.  The  faster  the 

“T.'""-  >*”"  *"*'»>».  ibe  di.zoni™  j  ‘ 

unstable.  The  more  alkaline  the  solution,  the  faster  the  coupling.  How- 

Ssodium^tml  and 

ThIS  methods  "TnoTa  °"  ^  aVera8e’  aCCUrate  to  about  ±2%. 
definitely  useful  in  the  determSTS*6  7 *  W6  Sh°U'd  Hke’  but  they  are 

makeS  °,her  methods  a"^ 
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amines  and  phenols  described  on  pages  00-00  are  more  accurate;  how¬ 
ever  if  a  sample  contains  some  alcohol  or  other  compounds  that  will 
acetylate,  these  methods  are  of  no  use.  It  is  in  cases  like  these  that 
couplings  can  be  used.  Analytical  coupling  procedures  are  generally  used 
in  industrial  analytical  laboratories,  especially  those  involved  with  dye 
intermediates. 

The  following  procedure  is  a  general  coupling  method  that  can  be 
readily  modified  to  deal  with  samples  requiring  different  treatment. 

REAGENTS 

Two  diazonium  salts  can  be  used  as  standards  for  coupling.  These  are  the  p- 
toluene-  and  m-nitrobenzene-diazonium  chlorides. 

0.1N  p-TOLUENE  DIAZONIUM  CHLORIDE  STANDARD  SOLUTION.  First,  introduce 

100  ml  of  0.5 N  p-toluidine  stock  solution  (53  grams  of  p-toluidine  plus  131  ml  of 
concentrated  hydrochloric  acid  diluted  to  1  liter  with  water)  into  a  500-ml 
volumetric  flask,  and  reduce  the  temperature  of  the  flask  to  15  to  20°C.  Next,  add 
50  ml  of  IN  sodium  nitrite  (temperature  15  to  20°C),  and  dilute  the  resultant 
solution  to  500  ml.  Shake  the  solution  to  assure  thorough  mixing.  A  slight  excess 
of  nitrous  acid  should  be  indicated  on  starch-iodide  paper.  Store  the  solution  in 
the  dark  in  an  ice  bath.  After  30  minutes  it  is  ready  for  use.  Standardize  the 
solution  by  using  m-toluylene  diamine  (resublimed)  or  recrystallized  l-phenyl-3- 
methyl-pyrazolone-5.  The  solution  of  diazonium  salt  should  not  be  used  after  5 
hours  because  of  its  instability. 

0.1N  m  -NITROBENZENE  DIAZONIUM  CHLORIDE  STANDARD  SOLUTION.  In  a  500- 

ml  volumetric  flask  cooled  to  5°C,  place  200  ml  of  a  0.25 N  m-nitroaniline  stock 
solution  (heat  34.5  grams  of  m-nitroaniline,  100  ml  of  concentrated  hydrochloric 
acid,  and  100  ml  of  water  to  bring  about  solution,  and  dilute  to  1  liter  with  warm 
distilled  water).  Next,  rapidly  add  50  ml  of  IN  sodium  nitrite  that  has  been  cooled 
to  5°C.  Dilute  the  resultant  solution  to  500  ml  with  water  that  has  been  cooled  to 
5°C.  It  should  give  a  positive  test  for  nitrous  acid  when  tested  with  starch-iodide 
paper  and  is  ready  for  use  after  standing  for  1  or  2  minutes.  The  solution  should 
be  stored  in  an  ice  bath  in  the  dark.  The  solution  should  be  practically  colorless 
and  not  yellow,  and  it  must  not  be  more  than  slightly  turbid.  The  solution  is 
standardized  in  the  same  way  as  the  p-toluene-diazonium  chloride  standard 
solution  and  should  not  be  used  after  standing  more  than  5  hours. 


PROCEDURE 

STANDARDIZATION  OF  DIAZONIUM  SOLUTIONS.  Weigh  about  0  6  gram  °f 
resublimed  m-to.uylenediamine  or  about  1  gram .of- £ 
phenyl-3-methyl-pyrazolone-5  accurately  into  a  (  ^ 

this  150  ml  of  water,  100  ml  of  2 N  sodium  acetate,  and  10  ml  ot 
acetic  acid.  Cool  the  solution  to  about  10°C. 
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Agitate  the  solution  with  a  mechanical  stirrer,  and  add  the  diazonium 
standard  solution  from  a  buret  equipped  with  a  water  jacket  through 
which  water  is  circulating  at  about  10°C.  The  buret  or  the  glass  jacket 
should  be  of  amber  glass  to  minimize  any  decomposition  of  the  diazonium 
salt  by  light. 

Add  the  diazonium  standard  solution  as  rapidly  as  coupling  will  take 
place.  No  excess  of  diazonium  salt  should  be  allowed  to  accumulate,  since 
there  is  danger  of  decomposition,  which  leads  to  high  results.  To  test  for 
excess  diazonium  salt  in  the  solution,  place  a  few  drops  of  the  solution  on 
a  piece  of  filter  paper.  About  a  centimeter  away  from  the  edge  of  the 
liquid  mark,  place  a  few  drops  of  an  indicator  solution  [1%  resorcinol 
containing  0.5  gram  of  sodium  carbonate;  or  0.1%  H  acid  (l-amino-8- 
naphthol-3-6-disulfonic  acid)  solution  containing  5  ml  of  2 N  sodium 
carbonate  can  be  used  to  indicate  excess  diazonium  salt].  Where  the  two 
liquid  portions  meet  on  the  filter  paper,  a  color  will  develop  if  excess 

diazonium  salt  is  present;  no  color  will  be  noted  if  the  diazonium  salt  is 
absent. 


To  test  for  excess  coupling  agent  (m-toluylenediamine  or  l-phenyl-3- 
methyl-pyrazolone-5)  in  the  reaction  mixture  use  tetrazo  dianisidine 
solution.  First,  tetrazotize  50  ml  of  0.04N  dianisidine  hydrochloride  ex¬ 
actly  with  0.1  N  sodium  nitrite  (use  starch-iodide  paper  to  indicate  excess 
nitrous  acid).  Put  a  few  drops  of  this  solution  on  a  piece  of  filter  paper 
about  a  centimeter  away  from  the  edge  of  a  sample  of  reaction  mixture 
also  placed  on  the  filter  paper.  If  a  color  is  developed,  it  indicates  that 
unreacted  coupling  agent  is  present  in  the  reaction  mixture 
Add  the  diazonium  standard  solution  in  portions,  depending  on  the 
rate  of  coupling  w.th  the  particular  compound  contained  in  the  sample 
est  the  reaction  mixture  for  excess  coupling  agent  and  diazonium  salt 

increments  ofOlT  1  h  °f  diazonium  solution  should  be  in 

increments  of  0.25  ml  when  near  the  end  point.  Take  the  end  point  as  the 

point  at  which  a  negative  test  for  coupling  agent  and  a  negative  test  for 

diazonium  salt  are  obtained.  When  this  point  is  reached,  read  the  biret 

S0  Analyze  The6  *°  *** 

0.005  mole  of  coupling  material  Al'Jf  T*9  d  C°n,ain  °  003  to 

not  sufficiently  alkaline  for  a  satisfart'  6  aCe^ate  acetic  acid  buffer  is 

sodium  carbonate  c  n  b  used  The  d  "  ““P''"8  ^  100  ml  of  ™ 

used.  The  diazonium  salt  solution  should  be 
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standardized  in  the  presence  of  the  same  base  as  is  needed  for  the  sample. 
Sodium  hydroxide  can  be  used  for  materials  that  couple  very  slowly  or  for 
samples  soluble  only  in  sodium  hydroxide,  but  larger  errors  are  more 
likely  to  be  encountered  when  using  this  base,  since  the  diazonium  salt  is 
readily  decomposed  by  it. 

Milliliters  of  diazonium  x  N  diazonium  x  mol.  wt.  of  coupler  x  100 

Grams  of  sample  x  1000 

=  %  coupler 


To  determine  diazonium  salts  add  a  50-ml  aliquot  of  0.1N  solution  of 
ra-toluylenediamine  or  l-phenyl-3-methyl-pyrazolone-5  together  with 
100  ml  of  2 N  sodium  acetate  and  10  ml  of  acetic  acid.  The  pyrazolone  is 
the  better,  since  it  couples  in  only  one  position  whereas  ra-toluylene- 
diamine  may  couple  in  two.  The  sample  should  contain  0.003  to  0.004 
mole  of  diazonium  compound.  Then  titrate  the  excess  coupling  agent  with 
standard  diazonium  solution  as  shown  earlier.  The  pyrazolone  solution 
should  be  approximately  0.1  JV,  prepared  with  a  weighed  amount  of 
recrystallized  1  -phenyl-3-methyl-pyrazolone-5 . 


CALCULATIONS 


Milliliters  of  diazonium  solution  used  on  50-ml  aliquot 
of  pyrazolone  solution  minus  milliliters  of  diazonium 
solution  used  on  sample  =  A 


A.  x  N  Diazonium  solution  x  mol,  wt.  of  diazonium  salt  x  100 

Grams  of  sample  x  1000 

=  %  diazonium  salt 

The  procedure  was  tested  with  m-phenylenediamine,  l-naphthol-4- 
sulfonic  acid;  7-amino- l-naphthol-4-sulfonic  acid;  1-  and  2-naphthol, 
phenol  resorcinol;  2-naphthol-3-6-disulfonic  acid;  phloroglucmol  aceto- 
acetanilide;  2,3-dihydroxynaphthalene;  2,3-dihydroxynapht  a  ene  > 

srsrr.:  «cVo°;r”™in  « »., .«,« » — 

tion  of  diazonium  salts  and  high  results. 
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Determination  of  Trace  Quantities  of  Hydroxy  Compounds 

PRIMARY  AND  SECONDARY  ALCOHOLS 

Method  of  D.  P.  Johnson  and  F.  E.  Critchfield 

[ Reprinted  in  Part  from  Anal.  Chem.,  32 ,  865-7  (1960)  with  Modifications  by 
D.  P.  Johnson  via  Private  Communication  to  S.  Siggia ] 

The  need  for  a  specific  method  for  determining  trace  quantities  of 
alcohols  in  the  presence  of  acid-hydrolyzable  substances  prompted  an 
investigation  to  find  a  procedure  requiring  basic  reaction  conditions. 
Berezin  (16)  had  reported  the  macrodetermination  of  alcohols  by  reacting 
them  with  3,5-dinitrobenzoyl  chloride  (3,5-D)  in  pyridine  and  subse¬ 
quently  titrating  the  excess  reagent  with  a  standard  base.  Previous  work 
has  also  shown  that,  in  pyridine  medium,  3,5-D  reacts  rapidly  with  active 
hydrogen  atoms  and  that  the  products  form  highly  colored  quinoidal  ions 
in  certain  basic  nonaqueous  media.  This  principle  provided  the  basis  for 
the  method  given  below. 


Experimental 


REAGENTS 


3,5-dIn'trobenzoyl  chloride  solution  (3,5-D).  Dissolve  1  gram  of  reagent 
Sra,dC  ?’5'dmitr0benZOyl  chlonde  >n  10  ml  of  redistilled  pyridine  using  a  hot 

mediately*  prior  ^ 'use'"  ^  “  Spared  fresh  E 


procedure 

blank  bTadding  "l  mTof  SS-D  toTmfof '  “'v?  3’5~°'  PrePare  a 

graduated  cylinder.  Allow  the  sample  and  blank  tostand^or^ 

and  shake  vigorous, y  for  30  seconds. 

16.  J-  V.  Berezin,  Dot cl.  Akad.  Nauk  SSSR,  99,  563-4  (,954). 
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completely  and  pipet  2  ml  of  the  top  layers  into  25-ml  graduated  cylin¬ 
ders.  Avoid  getting  any  precipitate  into  the  pipets.  Add  10  ml  of  acetone 
and  0.3  ml  of  2 N  aqueous  sodium  hydroxide  to  each.  Shake  well  and  let 
stand  3  to  5  minutes.  Determine  the  absorbance  of  the  sample  with  a 
suitable  spectrophotometer  at  a  wavelength  of  575  nm  based  on  a  reading 
of  zero  for  the  blank.  Note:  if  turbidity  forms  in  the  colored  solution,  add 
a  pinch  of  sodium  chloride  crystals  and  mix  before  determining  the 
absorbance.  Determine  the  alcohol  concentration  from  a  previously  pre¬ 
pared  calibration  curve. 


CALIBRATION  CURVE 

The  calibration  curve  was  prepared  with  absolute  ethanol  and  plotted 
as  absorbance  versus  micrograms  of  hydroxyl.  The  hydroxyl  value  was 
used  so  that  the  same  curve  could  be  applied  to  a  number  of  different 
alcohols  being  investigated.  Beer’s  law  is  followed  for  concentrations  up 
to  100  y  of  hydroxyl. 


DISCUSSION 


The  ability  of  the  3,5-dinitrobenzoyl  functional  group  to  form  colored 
quinoidal  ions  provides  a  useful  analytical  tool  for  determining  low 
concentrations  of  substances.  This  principle  has  been  used  for  some  time 
for  determining  trace  quantities  of  amines  (17)  and  alcohols.  The 
mechanism  of  the  color  formation  has  been  discussed  by  Porter  (18). 
Depending  on  the  nature  of  the  reaction  solvent  and  the  base  used,  a 
variety  of  colors  can  be  produced.  In  acetone  the  colors  are  usually  purple 
or  blue,  whereas  in  pyridine  and  dimethylformamide  they  are  predomin¬ 
antly  red.  The  stability  of  the  color  is  also  dependent  on  the  reaction 
conditions.  In  alcohols  and  acetone  the  colors  are  frequently  unstable, 
whereas  in  dimethylformamide,  they  are  usually  more  stable. 

In  the  present  method,  pyridine  has  the  twofold  advantage  of  being  an 
excellent  solvent  for  the  alcohol  and  of  forcing  the  reaction  to  completion 
by  absorbing  the  hydrogen  chloride  that  is  released  The  latter  function  * 
of  special  significance,  since  the  reaction  is  quantitative  in  15  minute, 
room  temperature  for  all  primary  and  secondary  alcohols  tested  from  C, 

*°  Several  bases,  including  potassium  hydroxide,  mono-  and  “d 

tetrabutylammonium  hydroxide,  were  investigated  as  co  P 

r«S  Mmxid.  produced  ,  ,.ry  unstable  color,  presumably  because 

17.  D.  P.  Johnson  and  J.  B.  Johnson,  Anal.  Chem.,  31,  1373-4  (1959). 

18.  C.  C.  Porter,  Ibid.,  27,  805  (1955). 
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of  saponification  of  the  ester,  whereas  the  colors  produced  by  tetrabutyl- 
ammonium  hydroxide  and  ethylenediamine  were  only  moderately  stable. 
Diethylamine  was  the  only  monoamine  tested  that  produced  a  color; 
however  only  an  aged  discolored  sample  of  this  base  was  effective.  New 
material  failed  to  produce  any  color.  The  mechanism  of  aging  process  is 
unexplained;  upon  standing,  however,  amines  reportedly  (19)  extract 
silicates  from  glass  containers.  A  30-minute  reaction  period  is  required  to 
obtain  maximum  sensitivity  with  diethylamine,  and,  unlike  the  other 
bases,  it  forms  a  purple  color  which  exhibits  maximum  absorption  at 
415  nm. 

PDA  was  found  most  suitable  as  a  color  developer.  Although  the  color 
is  less  stable  than  that  produced  by  diethylamine,  it  forms  instantaneously 
and  remains  without  significant  change  for  3  to  5  minutes,  thus  allowing 
ample  time  to  determine  the  absorbance  without  loss  of  accuracy.  Unlike 
diethylamine,  a  new  sample  of  PDA  is  more  efficient  than  an  aged 
sample.  As  the  PDA  ages,  there  is  a  gradual  decrease  in  the  sensitivity  of 
the  color.  The  decrease  is  only  slight,  however,  and  if  the  calibration 

curve  is  checked  periodically,  the  accuracy  of  the  method  is  not  signific¬ 
antly  affected. 

Table  17  lists  a  number  of  alcohols  to  which  this  method  was  success¬ 
fully  applied  and  gives  factors  for  converting  hydroxyl  to  the  parent 
compound.  Tm-Butanol  was  also  tested  but  it  failed  to  produce  a  color 


Table  17.  Alcohols  Determined  by  3,5-D  Method 

Factor,"  Lower  Limit  of 

Hydroxyl  to  Determination,6 
Alcohol  ^ 


Methanol 
Ethanol 
2-Propanol 
Butanol 
2-Butanol 

1- Pentanol 
Hexanol 

2- Ethylhexanol 
5-Ethyl-2-heptanol 
2-Eicosanol  (mixed  isomers) 


1.88 
2.71 
3.53 
4.36 
4.36 
5.18 
6.00 
7.65 
8.48 
17.54 


2.8 
4.1 
5.3 
6.5 
6.5 
7.7 
8.9 
11.4 
12.6 
26.1 


a  Factor  =  ?olecular  weight  of  compound 

~V7 

19  6  Usmg  a  ''8ram  samPle  “d  an  absorbance  of  0.01. 

Chemists.  WashmgLPDScn,taOc,ober  1958.  AnnUa'  Mee'ing  °f  Assoc-  Off*.  Arg 
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Table  18.  Recovery  of  Alcohols  from  Known  Mixtures 


Alcohol,  %  by  Weight 

Mixture  Added  Found  Recovered 


Hexanol  in  methyl  isobutyl  ketone 
Butanol  in  butyl  ether 
Ethanol  in  diethyl  butyral 
Ethanol  in  pentanedione 
Ethanol  in  acetaldehyde 
Ethanol  in  vinyl  ethyl  ether 
Ethanol  in  ethyl  acrylate 
2-Propanol  in  isopropyl  ether 
Methanol  in  acetone 
Ethanol  in  butylamine 
Ethanol  in  water 


0.189 

0.177 

98.6 

0.144 

0.144 

100.0 

0.200 

0.200 

100.0 

50.00 

47.00 

94.0 

0.405 

0.413 

102.0 

0.033 

0.034 

103.0 

0.098 

0.096 

98.2 

0.824 

0.800 

97.0 

0.041 

0.040 

97.5 

48.00 

49.90 

104.0 

0.600 

0.600 

100.0 

Av.  99.5 
Av.  dev.  ±2.2 


The  data  in  Table  18  demonstrate  the  applicability  of  the  method  to 
mixtures  of  alcohols  with  other  materials.  Included  are  acid-hydrolyzable 
substances  such  as  vinyl  ethers,  acrylates,  and  acetals. 

Several  dihydroxy  compounds,  including  ethylene  glycol  diethylene 
glycol,  2, 2-dimethyl- 1,3-butanediol,  and  2, 2-dimethyl-l, 3-propanediol, 
were  subjected  to  the  method,  but  none  responded  quantitatively. 
Ethylene  glycol  and  diethylene  glycol  failed  to  produce  any  color, 
whereas  only  about  50%  reaction  was  obtained  with  the  other  materia  s. 
In  contrast  to  ethylene  glycol,  its  monomethyl  ether,  Methyl  Cellosolve, 
reacts  quantitatively  with  3,5-D  and  under  proper  conditions  can  be 

determined  by  this  method. 


REACTION  OF  AROMATIC  HYDROXYL  COMPOUNDS 
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INTERFERENCES 

Interfering  compounds  are  generally  restricted  to  those  that  consume 
the  reagent.  Water  and  primary  and  secondary  amines  interfere  from  this 
standpoint  because  3,5-D  reacts  with  each  preferentially  to  alcohols.  The 
products  of  these  reactions,  however,  are  not  generally  soluble  in  hexane, 
and  their  interference  can  usually  be  overcome  by  adding  sufficient 
reagent.  Water,  for  example,  requires  a  3,5-D-to-water  weight  ratio  of 
13:1,  and  this  ratio  must  be  exceeded  before  the  alcohol  will  react. 
Consequently,  under  the  conditions  of  this  method,  the  water  content  in 
the  reaction  flask  cannot  exceed  7  mg.  A  similar  tolerance  can  also  be 
established  for  primary  and  secondary  amines. 


Adapted  from  the  Method  of  M.  W.  Scoggins 

[Anal.  Chem.,  36,  1152  (1964)] 

To  avoid  the  difficulties  sometimes  observed  with  the  unstable  color 
formation  of  the  Johnson  and  Critchfield  method,  the  ultraviolet  absorp¬ 
tion  spectra  of  the  alkyl  nitrobenzoate  products  were  measured. 


REAGENTS 


Pyridine,  freshly  distilled  Fisher  Spectro  Grade. 

p-Nitrobenzoyl  chloride,  Eastman  P  499.  Solution  prepared  by  dissolves 
gram  of  reagent  in  25  ml  of  pyridine.  Prepare  fresh  daily  8 

Cyclohexane,  Spectro  grade. 


PROCEDURE 

Transfer  1ml  of  liquid  hydrocarbon  samnle  to  a  i 

funnel  (Teflon  stopcock)  and  add  2  ml  of  pyrid  ne  (Scmh 
drocarbons  through  a  Unu/n  r  Pynaine-  Ocrub  gaseous  hy- 

bottle  at  a  rate  of  approximately  oTcubicTofneVlV  SmaI’  §t  WaShi"8 
2-ml  aliquot  of  the  pyridine  solution  to  P  '  minutes.  Transfer  a 

1  ml  ol  p-nliroWyl  chloride  “Sonto  JET"""1’  ,™nel-)  Then  *« 

>>»  shaking.  Alio.  ,he  l,  .TT”  “d  ™ 

*- ,he 
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the  cyclohexane  with  two  10-ml  portions  of  2 M  hydrochloric  acid  and 
follow  this  with  two  10-ml  alkali  washes.  Finally,  wash  the  material  with 
10  ml  of  2 M  hydrochloric  acid  and  allow  the  phases  to  separate.  Measure 
the  absorbance  of  the  cyclohexane  in  a  1-cm  cell  at  253  nm  versus  a  blank 
treated  in  the  same  manner.  Determine  the  alcohol  concentration  from  a 
previously  prepared  calibration  curve. 


CALIBRATION 

Prepare  the  calibration  curve  by  treating  1-ml  aliquots  of  cyclohexane- 
alcohol  blends  containing  from  25  to  300  fig  of  alcohol  per  milliliter  of 
solution  in  the  same  manner  given  previously.  Plot  the  total  absorbance 
values  versus  micrograms  of  alcohol.  Beer’s  law  is  followed  for  concentra¬ 
tions  up  to  300  fig  of  alcohol  per  25  ml  of  solution. 


RESULTS 

Table  19  presents  the  results  of  the  analysis  of  synthetic  blends  of 
ethanol  in  cyclohexane.  The  average  recovery  is  100.4%  in  the  concent¬ 
ration  range  of  25  to  200  ppm.  Samples  containing  down  to  5  ppm 
alcohol  have  been  analyzed  with  good  recovery.  Table  20  gives  the 
applicability  of  the  method  for  higher  alcohols.  Results  for  these  blends 
are  based  on  the  ethanol  calibration.  Therefore  errors  are  magnified  by 
the  alcohol-ethanol  molecular  weight  ratio. 

Table  19.  Analysis  of  Ethanol-Cyclohexane  Blends  with  p-Nitrobenzoyl 

Chloride 

Ethanol,  ppm 

Added  Average  Recovery0  Standard  Deviation 


34.0 

78.0 

131.8 

196.2 
206.1 

212.2 
25.2 


37.0  (6) 

75.9  (7) 
127.0  (6) 

194.1  (6) 

206.1  (6) 
212.4  (6) 

25.9  (3) 


4.7 

2.1 

5.3 

7.4 
8.1 
4.2 
2.0 


Figures  in  parentheses  indicate  number  of  determinations. 
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Table  20.  Analysis  of  Higher  Alcohol  Blends  with  p-Nitrobenzoyl  Chloride 

Alcohol,  ppm 


Standard 

Alcohol  Added  Recovered"  Deviation  Recovery,  % 


1 -Butanol 

3-Methylbutan-l-ol 

1- Hexanol 
Cyclohexanol 

2- Butanol 
2-Propanol 
1-Heptanol 
1-Octanol 
Dodecanol 


131.7 

123.6 

58.8 

61.7 

156.1 

165.1 

114.5 

115.5 

97.4 

95.0 

66.2 

68.0 

155.4 

160.8 

128.6 

129.6 

155.5 

164.4 

3.5 

94 

2.9 

105 

4.5 

106 

7.1 

101 

1.4 

98 

3.2 

103 

11.4 

103 

4.5 

101 

3.1 

106 

a  Average  of  four  determinations. 


discussion 

p-Nitrobenzoyl  chloride  was  selected  as  the  esterification  reagent  be¬ 
cause  of  its  ready  availability,  high  reactivity,  and  longer  wavelength  of 
maximum  absorbance  of  its  esters,  253  nm.  Ultraviolet-absorbing  species 
interfere  at  the  wavelength  of  maximum  absorption  for  ethyl  3  5- 
dimtrobenzoate,  220  nm.  y  ’ 

Pyndme  and  p-nitrobenzoyl  chloride  have  ultraviolet  absorption  bands 
the  same  region  as  alkyl  p-mtrobenzoates  and  must  be  removed  from 
the  cyclohexane  phase  prior  to  measurement. 

PRIMARY  AYLCOLSSlHSOLS  ™E  °F 

"  the  oxidad°"  of  secondary 

acid  and  therefore  do  not  interfere  ^he""^  °fd!Zed  l°  the  corresponding 
determination  of  the  ketone  o  h  Vf  'S  made  by  colorimetric 
forming  the  colored  hydrazone.  6  US'ng  ’4"dlnitr°Phenylhydrazine 


R2CHOH  - 


CO] 


r2c=o 


nhnh2 

Cr 

NO, 


R2c=nnh  /  ^ 


NO 
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Method  of  F.  E.  Critchfield  and  J.  A.  Hutchinson 


[Reprinted  in  Part  from  Anal.  Chem.,  32 ,  862-5  (I960)] 


Experimental 


REAGENTS 


acid  potassium  dichromate  (approximately  0.3 N).  Dissolve  1 5  grams  of 
reagent  grade  potassium  dichromate  in  500  ml  of  distilled  water.  Slowly  add 
360  ml  of  concentrated  sulfuric  acid  and  cool  to  prevent  excessive  heating.  Dilute 
to  1  liter  with  distilled  water  and  mix. 

Hypophosphorous  acid.  Baker  and  Adamson  technical  grade,  50%  solution. 

carbonyl-free  methanol.  Reflux  3  gallons  of  methanol  containing 
50  grams  of  2,4-dinitrophenylhydrazine  and  15  ml  of  concentrated  hydrochloric 
acid  for  4  hours,  and  collect  the  distillate  until  the  head  temperature  reaches 
64.8°C. 

Pyridine  stabilizer.  Pyridine-water  solution,  80  to  20  v/v. 
2,4-dinitrophenylhydrazine  reagent.  Suspend  0.05  gram  of  reagent  grade 
2,4-dinitrophenylhydrazine  crystals  in  25  ml  of  carbonyl-free  methanol.  Add  2  ml 
of  concentrated  hydrochloric  acid  and  mix  to  effect  solution.  Dilute  to  50  ml  with 
carbonyl-free  methanol. 


OPTIMUM  OXIDATION  TIME  FOR  PURE  ALCOHOLS 


Pipet  15.0  ml  of  the  potassium  dichromate  reagent  into  each  of  eight 
250-ml  Erlenmeyer  flasks.  Reserve  four  flasks  for  blank  determinations. 
Into  each  of  the  other  flasks  introduce  2.0  to  3.0  meq.  of  the  alcohol  to  be 
oxidized.  If  an  aliquot  of  a  dilution  of  the  sample  is  used,  introduce  the 
same  volume  of  solvent  into  the  blank  flasks.  Allow  one  sample  and  one 
blank  flask  to  stand  for  30,  60,  90,  and  120  minutes,  respectively.  At  the 
end  of  the  specified  time,  add  100  ml  of  distilled  water  and  10  ml  of  15  /o 
potassium  iodide  to  the  sample  and  blank  flasks.  Titrate  immediately  with 
standard  0.1N  sodium  thiosulfate  to  a  greenish  yellow.  Add  a  tew 
milliliters  of  a  1%  starch  solution  and  continue  to  titrate  to  the  disappear¬ 
ance  of  the  starch-iodine  color.  The  end  point  is  a  chromic  blue.  The 
optimum  oxidation  time  should  be  selected  as  the  time  at  which  no 

further  dichromate  is  consumed. 
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CALIBRATION 

Into  a  100-ml  volumetric  flask,  add  50  ml  of  distilled  water  (or 
acetonitrile  if  specified  in  Table  21).  Transfer  100  times  the  maximum 
sample  specified  in  Table  21  to  the  volumetric  flask  and  dilute  to  volume 
with  the  appropriate  solvent  and  mix.  Transfer  5.0,  10.0,  15.0,  and 
20.0-ml  aliquots  of  the  dilution  into  separate  100-ml  volumetric  flasks 
and  dilute  to  volume  with  the  solvent.  Determine  the  absorbance  of  each 
of  these  standards  by  using  5-ml  aliquots  of  the  standards  in  place  of  the 
sample  in  the  procedure  described  below. 


Table  21.  Reaction  Conditions  for  Determination  of 

Secondary  Alcohols 


Secondary 

Alcohol, 

Mg-, 

Compound  Maximum 


Oxidation 

Time, 

Minutes 


2-Butanol 

2.92 

60  to  120a 

3-Heptanol 

6. 1 6b 

5  to  60 

4-Heptanol 

5.36* 

5  to  75 

2,5-Hexanediol 

1.47 

30  to  60 

2-Hexanol 

3.63 

5  to  60 

2-Propanol 

1.96 

5  to  60a 

Isopropanolamine 

2.17 

120  to  210a> 

2-Octanol 

4.065 

10  to  60 

4-Octanol 

5.47b 

30  to  100 

3-Pentanol 

6.66 

5  to  60 

a  At  room  temperature. 

b  Dilute  in  acetonitrile  or  use  as  cosolvent  to  effect 
solution  in  oxidation  step. 

‘AHow  17  hours  for  quantitative  reaction  with 

^-,4-dimtrophenylhydrazine. 


procedure 


5oft:ri„L°i°L,st  p,“™“  f  hrrha“  "•*« »» »< 

tion.  Into  each  of  the  other  flasks  tnn  ^  3  b,3nk  determ>na- 

secondary  alcohol  content  does  noi  exceed'the  ^  S3mp'e  $°  that  the 
21.  Prepare  a  dilution  in  water  or  redistilled  3m0Unt  sPec'fied  in  Table 
sample  si2e  is  too  small  to  be  weighed 


76 


Quantitative  Organic  Analysis 


directly  and  is  insoluble  in  the  reagent,  add  sufficient  redistilled  acetonit¬ 
rile  to  effect  solution.  Add  the  same  volume  to  the  blank.  Allow  the 
samples  and  blanks  to  stand  at  0°C,  unless  otherwise  specified  in  Table  21 
until  the  alcohols  are  oxidized  quantitatively. 

The  optimum  times  for  secondary  alcohols  are  listed  in  Table  21,  the 
optimum  times  for  primary  alcohols  can  be  determined  by  the  volumetric 
procedure.  Immerse  the  flasks  in  an  ice  water  bath  and  pipet  1.0  ml  of  the 
hypophosphorous  acid  into  each  flask,  swirling  the  flasks  during  the 
addition.  Remove  the  flasks  from  the  bath  and  immerse  them  in  a  water 
bath  at  room  temperature  for  15  minutes.  Dilute  the  contents  of  the  flasks 
to  volume  with  carbonyl-free  methanol  and  mix.  Transfer  a  3.0-ml 
aliquot  of  each  dilution  to  separate  50-ml  volumetric  flasks.  Immerse  the 
flasks  in  an  ice  water  bath  and  pipet  3.0  ml  of  4 N  potassium  hydroxide 
into  each  flask.  Remove  the  flasks  from  the  bath  and  allow  the  contents  to 
warm  to  room  temperature.  Pipet  3.0  ml  of  the  2,4-dinitrophenyl- 
hydrazine  reagent  into  each  flask,  mix,  and  allow  the  flask  to  stand  at 
room  temperature  for  30  minutes  unless  otherwise  specified  in  Table  21. 
Pipet  15.0  ml  of  the  pyridine  stabilizer  into  each  flask.  Transfer  3.0  ml  of 
freshly  prepared  10%  methanolic  potassium  hydroxide  to  each  flask, 
stopper,  and  mix.  Allow  the  flasks  to  stand  at  room  temperature  for 
5  minutes  and  filter  the  solution  through  Whatman  No.  40  filter  paper. 
Collect  the  filtrate  in  separate  25-ml  glass-stoppered  graduated  cylinders 
and  allow  the  cylinders  to  stand  for  10  minutes.  Using  a  suitable  spectro¬ 
photometer,  measure  the  absorbance  of  the  sample  vs.  the  blank  at 
480  nm,  using  1-cm  cells.  Read  the  concentration  of  secondary  alcohol 
from  the  calibration  curve. 


DISCUSSION  AND  RESULTS 

Reaction  rate  studies  and  a  calibration  curve  were  obtained  for  each 
secondary  alcohol  investigated.  Table  21  lists  the  recommended  reaction 
conditions  for  secondary  alcohols  to  which  this  method  has  been  applied. 
In  all  cases  the  maximum  sample  size  is  based  on  the  amount  of  pure 
alcohol  introduced  in  the  oxidation  step  that  corresponded  to  an  absor¬ 
bance  of  0.6  under  the  conditions  of  the  method.  Table  21  shows  that  the 
oxidation  time  required  for  quantitative  oxidation  to  the  ketone  varies 
from  5  to  120  minutes,  depending  on  the  alcohol  oxidized.  In  most  cases 
it  was  necessary  to  conduct  the  oxidation  at  0°C  to  inhibit  further 
oxidation  of  the  ketone.  The  optimum  oxidation  time  selected  for  the 
determination  of  a  secondary  alcohol  in  the  presence  of  a  primary  alcohol 
will  depend  on  the  time  necessary  to  oxidize  both  alcohols 
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quantitatively — that  is,  secondary  alcohols  to  ketones  and  primary  al¬ 
cohols  to  acids.  The  optimum  time  for  oxidation  of  any  primary  alcohol- 
sample  matrix  can  be  conveniently  determined  by  the  volumetric  proce¬ 
dure. 

When  acetonitrile  is  used  as  a  cosolvent  for  samples  insoluble  in  the 
potassium  dichromate  reagent,  a  redistilled  grade  should  be  employed, 
and  the  same  volume  should  be  incorporated  in  the  blank. 

With  the  exception  of  isopropanolamine,  the  ketones  formed  by  the 
oxidation  react  quantitatively  with  2,4-dinitrophenylhydrazine  ir  less  than 
30  minutes.  In  the  case  of  isopropanolamine,  approximately  1  7  hours  is 
required  for  quantitative  reaction.  Although  this  reaction  time  is  long,  the 
reaction  can  be  conducted  conveniently  overnight. 

In  general,  a  separate  calibration  curve  must  be  obtained  tor  each 
secondary  alcohol  being  determined.  The  data  in  Table  22  show  tht  effect 
of  the  structure  of  the  alcohol  on  the  color  reaction.  In  this  tabi^  the 
sensitivity  is  expressed  in  terms  of  the  absorbance  obtained  per  micro¬ 
equivalent  of  secondary  alcohol  present  as  the  ketone  in  the  color 
reaction  step.  The  differences  in  sensitivities  obtained  are  due  to  the 
different  sensitivities  of  the  color  reactions  of  the  corresponding  ketones. 
This  was  established  by  preparing  calibration  curves  from  the  ketones.  In 
all  cases  the  same  calibration  curve  was  obtained  from  the  ketone  as  from 
the  alcohol.  In  general,  ketones  that  contain  a  methyl  group  adjacent  to 
the  carbonyl  give  the  most  sensitive  color  reaction.  The  same  effect  was 
obtained  with  the  corresponding  alcohols.  The  most  sensitive  color  reac¬ 
tion  was  obtained  from  2,5-hexanediol.  In  this  case  the  ketone  would 
contain  a  methyl  group  adjacent  to  each  carbonyl. 

.JhlS  ™:thod  has  been  aPP,ied  to  the  determination  of  2-propanol  in 
ethanol  (Table  23).  The  lower  limit  of  determination  by  this  method  is 

For  “ ,he  ™'r“ is 

L  exited  to  c  ihon  H  *,5  '°KWer  *han  f°r  ethan°'  because  ethanol 
. ,  , .  rb°n  dioxide  by  a  three-step  oxidation  Therefore 

considerably  more  dichromate  ion  is  consumed  by  methanol  than  in  the 

ZZZZ 21° TV"  vnml ,he  sampl' staw 

restriction  on  sample  size,  the  lower  lfmit  o/dSLnationoTr  °f  ^ 
in  ethanol  is  approximately  0.02%.  ~  propanol 

«  in  ethanolamine 

other  methods.  a"a'ySIS  W°U'd  be  difficul‘  to  perform  by 

corner hte  SSytal:  separated^1  l^T  ^ 


Table  22.  Effect  of  Structure  on  Sensitivity 


Compound 

Structure 

Absorbance  per 
Equivalent 

OH 

2-Butanol 

ch3 — C — C2H5 

H 

OH 

0.266 

3-Heptanol 

y 

c2h5— c— c4h9 

H 

OH 

0.188 

4-Heptanoi 

c3h7— c— c3h7 

H 

OH  OH 

0.216 

2,5-Hexanediol 

CH3— C— (CH2)2— c— ch3 

H  H 

OH 

0.402 

2-Hexanol 

ch3— c— c4h9 

H 

OH 

0.281 

2-Propanol 

ch3— c— ch3 

H 

OH 

0.308 

Isopropanolamine 

ch3 — C — CH2 — NH2 

H 

OH 

0.347 

2-Octanol 

ch3— c— c6h13 

H 

OH 

0.319 

4-Octanol 

c3h7— c— c4h9 

H 

OH 

0.238 

3-Pentanol 

c2h5— c— c2h5 

H 

0.132 
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Table  23.  Analysis  of  Mixtures 

Composition,  Weight,  % 


Mixture 

Added 

Found 

Recovery,  % 

2-Propanol  in  ethanol 

0.04 

0.02 

50 

0.16 

0.18 

113 

1.25 

1.23 

98 

Isopropanolamine  in  ethanolamine 

0.43 

0.47 

109 

0.57 

0.59 

104 

1.02 

0.97 

95 

Acetone  in  acetaldehyde 

0.08 

0.09 

112 

0.16 

0.17 

106 

0.22 

0.24 

109 

cyclic  secondary  alcohols  or  highly  branched  aliphatic  alcohols.  These 
compounds  are  not  oxidized  to  ketones  but  to  acids. 

Any  compound  that  is  oxidized  to  a  carbonyl  and  resists  further 
oxidation  will  interfere  in  the  method.  Most  ketones  interfere  quantita¬ 
tively;  however,  suitable  corrections  can  be  made  by  utilizing  the  2  4- 
dimtrophenylhydrazine  method  without  the  oxidation  step. 

This  method  is  also  applicable  to  the  determination  of  low  concentra¬ 
tions  of  ketones  in  the  presence  of  aldehydes  because  the  latter  com¬ 
pounds  oxidize  to  acids  under  the  conditions  of  the  method  (Table  23) 
The  determination  of  acetone  in  acetaldehyde  is  the  only  application  that 

has  been  investigated  to  date;  however,  this  type  of  determSX  should 
find  considerable  applicability.  s-nouio 


IndTeco^alcohJls  PRESENCE  °f  ™“aev 

Adapted  from  the  Method  of  M.  W.  Scoggins  and  J.  W.  Miller 

[Anal.  Chem.,  38 ,  612  (1966)] 

form  the  corresponding  ter^rTalkVhalides30'10"  °f  hydriodic  acid  to 


R' 


R' 


R-C-OH  +  HI  -  R — C — I  +  H^O 


R" 


R" 
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Extraction  of  the  tertiary  alkyl  iodide  into  an  organic  solvent  forces  the 
reaction  to  completion.  The  reaction  is  almost  as  rapid  and  complete  as 
neutralization.  The  tertiary  alkyl  iodides  are  measured  by  their  charac¬ 
teristic  ultraviolet  absorption  at  268  nm. 

Tertiary  alcohols  through  C10  were  measured  from  the  ppm  level  to  the 
50%  level  in  the  presence  of  a  variety  of  oxygenated  materials  including 
primary  and  secondary  alcohols.  The  method  is  applicable  to  both  aqueous 
and  hydrocarbon  samples. 


REAGENTS 

Commercial  hydriodic  acid,  50  to  55%;  or  iodine-free  72%  are  satisfactory. 

APPARATUS 

Cary  Recording  Spectrophotometer,  Model  MS11,  equipped  with  1-cm  quartz 
cells  was  used. 


PROCEDURE 

Transfer  a  quantity  of  hydrocarbon  sample  containing  not  more  than 
0.08  mM  of  tertiary  alcohol  to  a  40-ml  screw  cap  vial  equipped  with  a 
polyethylene  gasket  in  the  cap  and  dilute  to  25  ml  with  cyclohexane.  For 
aqueous  solutions,  weigh  100  to  200  mg  of  sample  into  the  vial  and  add 
25  ml  of  cyclohexane.  Add  3  ml  of  hydriodic  acid  and  shake  for  3 
minutes.  Transfer  the  contents  of  the  vial  to  a  separatory  funnel,  rinse  the 
vial  with  10  ml  of  water,  and  add  the  rinse  water  to  the  separatory  funnel. 
Mix  thoroughly,  allow  the  phases  to  separate,  and  discard  the  aqueous 
phase.  Add  10  ml  of  1 M  sodium  hydroxide  solution  and  3  drops  o 
hydrogen  peroxide  and  shake  until  the  iodine  color  disappears.  Transfer  a 
portion  of  the  hydrocarbon  phase  to  a  1-cm  cell  and  measure  the 
absorbance  versus  a  reagent  blank  by  scanning  from  300  to  240  nm. 
Convert  the  absorbance  to  tertiary  alcohol  concentration  using  a  previ- 

ously  prepared  calibration  curve. 


CALIBRATION 

Prenare  a  calibration  curve  by  diluting  from  0  to  0.1  mmole  of  the 
appropriate  test  alcohol  to  25  ml  with  cyclohexane  and  proceeding  as 
aboveP  Plot  the  absorbance  versus  millimoles  of  test  alcohol. 
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RESULTS 

Table  24  gives  results  of  the  analyses  of  synthetic  blends  of  2-methyl-2- 
propanol  in  cyclohexane.  In  the  50  to  2000  ppm  range,  the  average 
recovery  is  100.1%.  Blends  containing  down  to  10  ppm  2-methyl-2- 
propanol  can  be  analyzed  if  the  absorbance  is  measured  in  1-cm  cells. 
The  method  is  somewhat  less  sensitive  for  higher  molecular  weight 
alcohols. 


Table  24.  Results  for  2-MethyI-2-propanol 


Concentration,  ppm 

- Recovery, 

Blend  Solvent  Added  Found"  % 


A 

Cyclohexane 

45.9 

45.5 

99.1 

B 

Cyclohexane 

91.8 

90.4 

98.5 

C 

Cyclohexane 

183.6 

183.5 

99.9 

D 

Cyclohexane 

459.0 

454.4 

99.0 

E 

Cyclohexane 

712 

725.5 

101.9 

F 

Cyclohexane 

2372 

2399 

101.1 

Average  Recovery, 

wt. 

% 

100.1 

G 

Water 

49.24 

49.14 

99.8 

Average  of  four  determinations. 


Standard 

Deviation 


1.4 
1.7 
0.5 

2.5 

6.6 
17.6 


0.48 


bleTnadbs'of274  '"Tk  tHe  aPP,icability  of  the  method  for  aqueous 

blends  of  2-methyl-2-propanol  at  the  50%  level  Samnles 

•nalyzed  by  extracting  with  100  m|  of  cyclohexane  ' 

°'  'he  "“'“1  »  molecular 

mple  contains  compounds  such  as  propanones,  with  the  — C _ CTD 

II  3 


group,  iodine-free  hvdriodir  arid  muo*  u  ^ 

by  iodoform  formation  (Table  26)  After  2  6  '°  aV°'d  high  results 

2-propanol  is  completely  convert  f  m',nUteS  °f  reaction’  2-methyl- 
only  2  ,o  3%  etTverTed  As  a  con;"  and  2'butanol  are 

mined  in  the  presence  of  relatively  h  tertlary  alcohols  are  deter- 

secondary  alcohols  (Table  26).  Y  '8H  COncentrations  of  primary  and 
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Table  25.  Analysis  of  Tertiary  Alcohol-Cyclohexane  Blends" 

Concentration 


Alcohol 

ppm 

Standard 

Deviation6 

A  max,c 

nm 

Molar 

Absorptivity, d 
1/mole-cm 

Added 

Found 

2-Methyl-2-propanol 

489.2 

457.1 

25.1  (4) 

269 

591 

2-Methyl-2-butanoF 

424.6 

380.9 

23.8  (5) 

267 

602 

2-Methyl-4-butyn-2-oF 

561.6 

560.0 

-  (2) 

— 

— 

2-Methyl-2-pentanol 

571.2 

560.7 

19.7  (5) 

268 

613 

3-Methyl-3-pentanol 

195.5 

212.2 

1.5  (4) 

266 

689 

2,4-Dimethyl-4-hexanol 

459.1 

460.3 

4.6  (5) 

267 

636 

4-Methyl-4-heptanol 

671.2 

653.7 

7.8  (3) 

269 

618 

4-Methyl-4-octanol 

740.2 

763.8 

8.1  (3) 

269 

654 

4-Methyl-4-nonanol 

214.6 

188.4 

7.4  (5) 

267 

585 

a  2,4-Dimethyl-4-hexanol  calibration  used  for  analysis. 
b  Figures  in  parentheses  indicate  number  of  determinations. 
c  Wavelength  of  maximum  absorption  of  corresponding  alkyl  iodide. 
d  Molar  absorptivity  of  corresponding  alkyl  iodide. 

«  Freshly  distilled  before  standard  solutions  prepared. 
f  Hydrogenated  prior  to  analysis. 


1,2-DIOLS 

The  determination  of  micromolar  quantities  of  1,2-diols  has  been 
accomplished  by  the  use  of  atomic  absorption  spectrophotometry  as  the 
end  determination.  The  iodate  formed  in  the  oxidation  of  ^ent 
hydroxyl  groups  by  periodic  acid  is  separated  by  precipitation  as  silver 
iodate  VThe  silver  iodate  is  dissolved  in  ammonium  hydroxide  and  the 
resultant  solution  is  analyzed  for  silver  content  by  means  of  atomic 
absorption  spectrophotometry. 


Adapted  from  the  Method  of  P.  J.  Oles  and  S.  Siggia 


[Anal.  Chem.,  46,  2/97  (Z974)] 


”  „p„.  a  solution  of  paraperiodic  add  »  contain  ..  »  d«  *■ 
The  exact  concentration  need  not  be  determine 

— “S’."',*  acid  and  ,  «< 
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Table  26.  Effect  of  Diverse  Organic  Compounds  on  Recovery  of  Tertiary 

Alcohol 

Ratio, 

diverse 

compound  to  Alcohol 

tertiary  Recovery, 

Compound  alcohol0  %  error 


Acetone 

250 

33 

Acetoneb 

250 

1.5 

Diethyl  ketone 

10 

2.7 

Diethyl  ether 

100 

3.5 

Ethyl  acetate 

100 

3.8 

n -Butyl  bromide 

100 

4.0 

1-Octene 

1.5 

1.5 

1-Octene 

5 

4.6 

lc-Octene 

100 

1.5 

Caproic  acid 

100 

5.7 

n  -Hexyl  ether 

100 

3.3 

Ethyl  alcohol 

300 

3.0 

Isobutyl  alcohol 

50 

2.8 

Cyclohexanol 

50 

7.4 

n-Amyl  alcohol 

50 

3.0 

Dodecyl  alcohol 

50 

6.4 

a  Tertiary  alcohol  concentration,  400  ppm  of  2-methyl-2- 
propanol. 

b  Iodine-free  hydriodic  acid. 

c  Olefin  hydrogenated  prior  to  tertiary  alcohol  analysis. 


apparatus 


Measure  absorbance  at  328.1  nm.  A  Perkin-Elmer  403  Atomic  Absorption 
pectrophotometer  was  used,  equipped  with  a  single  element  hollow  cathode 
lamp  operated  at  24  mA  as  the  source  of  radiation. 


PROCEDURE 


Add  a  1.00-  to  2.00-ml  sample  of  diol  in  water  to  a  6-in  test  tube  The 
coneentrat.on  of  the  d.ol  should  be  between  0.10  and  4.00  ptmole  per 
lliliters.  Add  a  volume  of  periodic  acid  reagent  in  water  equal  to  the 

«  tube.  Mix^ thorough, 'y^nd^lace  t 
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test  tube,  protected  from  light,  on  a  mechanical  shaker  for  10  to 
30  minutes.  Add  a  volume  of  nitric  acid  reagent  that  is  exactly  one-half 
the  volume  of  the  original  sample  (0.5— 1.00  ml).  Again  mix  thoroughly 
and  add  a  volume  of  silver  nitrate  equal  to  the  volume  of  nitric  acid 
reagent.  The  volumes  of  reagents  used  are  critical.  Again  place  the  test 
tube  on  the  mechanical  shaker  for  10  to  30  minutes  to  allow  the  silver 
iodate  to  flocculate.  Cool  the  test  tube  to  -10  to  -15°C  in  a  mixture  of 
dry  ice-acetone  or  in  a  freezer,  to  suppress  the  solubility  of  silver  iodate. 
Transfer  the  contents  of  the  test  tube  to  a  fine  frit  (4-5.5  /xm)  Pyrex  glass 
funnel  and  apply  suction.  Rinse  the  test  tube  three  times  with  4-  to  5-ml 
portions  of  acetone-water  (l:l,v/v)  containing  0.2%  (v/v)  concentrated 
nitric  acid  maintained  at  approximately  -15°C,  each  time  allowing  the 
rinsings  to  pass  through  the  filter.  Place  the  test  tube  containing  the 
acetone-water  mixture  in  crushed  ice  between  rinsings.  Add  3  ml  of 
concentrated  ammonium  hydroxide  to  the  test  tube,  place  a  clean  125-ml 
suction  flask  below  the  filter,  and  add  the  ammonium  hydroxide  to  the 
filter.  Apply  suction  and  rinse  the  test  tube,  and  filter  with  two  portions  of 
water.  Transfer  the  contents  of  the  flask  to  a  25.0-ml  (0. 1-1.0  /xM  1,2- 
diol),  50-ml  (1.0-2.0  /xM  1,2-diol),  or  100-ml  (2.0-4.0  /xM  1,2-diol)  vol¬ 
umetric  flask  and  dilute  to  the  mark  with  rinsings  from  the  suction  flask. 
Then  analyze  the  solution  for  silver  content  by  atomic  absorption  spectro¬ 
photometry. 


RESULTS  AND  DISCUSSION 

The  concentrations  of  nitric  acid  and  silver  nitrate  are  critical  in  this 
procedure.  The  addition  of  nitric  acid  is  necessary  to  prevent  the  precipi¬ 
tation  of  silver  periodate;  however,  an  excess  must  be  avoided  because 
the  solubility  of  silver  iodate  increases  with  increasing  nitric  acid  concent¬ 
ration. 

After  addition  of  all  reagents  to  a  sample,  final  concentrations  of  nitric 
acid  and  silver  ion  of  2.0  and  0.34M,  respectively  were  found  to  produce 
satisfactory  results  as  indicated  in  Table  27.  Samples  that  are  very  acidic 
or  basic  should  be  adjusted  to  pH  7  with  dilute  nitric  acid  or  sodium 
hydroxide  before  addition  of  periodic  acid.  The  optimum  concentrations 
of  reagents  given  may  be  varied  by  at  least  10%  without  affecting 
recoveries,  and  the  concentration  of  periodic  acid  may  be  varied  from 
approximately  0.34  to  7.4  per  milliliter.  (Final  concentration  after 

addition  of  all  reagents.) 

The  oxidation  of  some  functional  groups  with  periodic  acid  may  result 
in  the  formation  of  products  that  are  susceptible  to  further  and,  in  some 
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Table  27.  Determination  of  Adjacent  Hydroxyl  Groups  by  Atomic  Absorption 


Compound 


Glycerol 

1,2,6-Hexanetriol 
7-(2,3-Dihydroxypropyl)- 
theophylline 
1,2-Propanediol 
trans  - 1 ,2-Cyclohexanediol 
3-Chloro- 1 ,2-propanediol 
3-Pipe  ridino- 1,2- 
propanediol 

1 -Phenyl-1, 2-ethanediol 


Concentration,  - 

p.M/mI  Taken,  p,M 


3.53 

3.53 

1.93 

1.93 

1.66 

1.66 

3.39 

3.39 

1.85 

1.85 

3.55 

3.55 

1.42 

1.42 

1.61 

1.61 

Hydroxyl  Groups 


Found,  (xM  Recovery,0  % 


3.46 

98.0  ±1.1  (5) 

1.90 

98.4  ±4.4  (4) 

1.64 

98.8  ±2.4  (5) 

3.28 

96.8  ±0.9  (4) 

1.75 

94.6  ±5.0  (5) 

3.51 

98.9  ±1.1  (5) 

1.39 

97.9  ±2.5  (5) 

1.58 

98.1  ±1.1  (5) 

°  Figures  in  parentheses  indicate  number  of  determinations. 


cases,  slow  oxidation  by  periodic  acid.  This  phenomenon  causes  overcon¬ 
sumption  of  periodic  acid  and  can  result  in  recoveries  significantly  greater 
than  100%  when  the  percentage  of  recovery  is  based  only  on  the  first 
oxidation  step.  An  example  of  this  phenomenon  encountered  in  this  work 
is  the  oxidation  of  tartaric  acid  with  periodic  acid. 

HOOCCHCHCOOH  +  HI04  2COOH  +  H20  +  HI03 

Uh  cho  ‘ 


The  glyoxyhc  acid  produced  in  this  reaction  is  subject  to  further  oxidation 
by  periodic  acid,  however  at  a  much  slower  rate. 


COOH  +  hio4  hcooh  +  co2  +  hio3 

CHO 


Two  means  are  available  to  control  this  phenomenon  so  that  results  may 
become  analyt.cally  useful.  Conditions  may  be  chosen  for  the  reaction 

periodkaddreinhe  m'|d-ff0r,examPle- low  concentrations  of  reactant  and 
periodic  acid.  If  the  rates  of  the  two  oxidation  steps  are  significantlv  Hif- 

erem,  these  mild  conditions  should  allow  the  investigator  to  make  differen 

“r„” pro<"“d  in  “» «-■ 

reactions  to  completion-  in  this  ex'  ^  C^ample’  theret>y  forcing  both 

-  -  —  - 
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Quantitative  Organic  Analysis 


Table  28.  Determination  of  D-Tartaric  Acid  by  Periodic  Acid  Oxidation 

Concentration," 
ix  M/ml 


Tartaric 

Acid 

t 

Periodic 

Acid 

Temperature, 

°C 

Reaction 

Time, 

min. 

Iodate 

Found, 

IxM 

Recovery, bc  % 

1.05 

11.5 

20 

90 

1.49 

142  ±4.0  (5) 

1.05 

5.7 

1 

75 

1.21 

115  ±4.4  (5) 

0.243d 

1.0 

1 

60 

0.554 

114  ±4.6  (4) 

0.243d 

1.0 

1 

25 

0.356 

73.4  ±11  (4) 

1.22 

13.4 

100 

45 

3.47 

94.8  ±0.9  (8) 

a  Concentrations  listed  are  those  of  tartaric  acid  and  periodic  acid  before  mixing. 
b  Figures  in  parentheses  indicates  number  of  determinations. 

c  Recoveries  based  on  1  mole  of  iodate  produced  per  mole  of  tartaric  acid  present  except 
for  results  obtained  at  100°C. 
d  Two-ml  sample  taken. 


threefold  increases  in  sensitivity,  the  former  procedure  is  preferred,  since 
heating  solutions  of  periodic  acid  results  in  loss  of  the  selectivity  of  the 
reagent  (20).  Results  obtained  by  both  approaches  for  the  determination 
of  tartaric  acid  are  illustrated  in  Table  28.  The  most  precise  and  accurate 
results  are  those  that  result  from  heating.  However,  this  procedure  is  not 
recommended  in  general  for  all  cases  when  glyoxylic  acid  may  be  an 
oxidation  product,  since  other  products  (or  compounds  in  a  sample)  may 
undergo  partial  and  irreproducible  oxidation  when  heated  with  periodic 

acid. 

Glycols  have  also  been  determined  by  argentometric  determination  of 
the  silver  iodate  formed  on  addition  of  silver  nitrate  to  the  reaction 
mixture  (21)  and  volumetric  measurement  of  silver  consumed. 

Determinations  of  total  1,2-diol  content  in  mixtures  were  made,  and 
the  results  appear  in  Table  29.  The  specific  behavior  of  periodic  acid 
toward  oxidation  of  1,2-diols  but  not  1,3-diols  may  be  noted  from  the 
results  presented  in  this  table.  The  procedure  should  be  particularly 
useful  for  the  determination  of  1,2-diol  impurities  in  compounds  contain¬ 
ing  nonadjacent  groups. 

The  results  in  Table  30  indicate  the  precision  and  accuracy  that 


20.  G.  Dryhurst,  Periodate  Oxidation  of  Diols  and  Other  Functional  Groups ,  Pergamon 

Press,  New  York,  1966,  p.  72. 

21.  M.  Pesez,  Bull  Soc.  Chim  Fr.,  148-9  (1956). 
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Table  29.  Determination  of  Total  1,2-Diol  Content  in  a  Mixture 

1 ,2-Diol 


Concentration,  Taken,  Found, 

Mixture  /u,M/ml  jxM  /llM  Recovery,  %a 


1,2-Propanediol,  0.908  0.908  0.869  95.7  ±1.9  (5) 

0.572  p,M+ 

7-(2,3-dihydroxy- 

propyl)theophylline, 

0.336  p,M  + 

1,3-butanediol, 

131.1  nM 

1,2-Propanediol,  1.61  1.61  1.56  96  9  ±2  1  (5) 

0.9698  nM  + 

3-pyridino-l,2- 

propanediol, 

0.6449  /nM 


Figures  in  parentheses  indicate  number  of  determinations. 


may  be  expected  for  determinations  of  1,2-diols 
concentration. 


at  the  ppm  level  of 


PHENOLS 


— — -  IS" 

o 


OH  +  RN=NC1  RN=N  7OH  -I-  HC1 


i  anie  JU.  Determination 


Compound 


1,2-Propanediol 
3-Piperidino- 
1, 2-propanediol 


‘  F'8UreS  in  Paren,heses  ^dicate  number  of  determinations. 


Recovery,"  % 

103  ±5.0  (5) 
101  ±3.8  (7) 
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Quantitative  Organic  Analysis 


Method  Adapted  from  J.  J.  Fox  and  J.  H.  Gauge 

[J.  Chem.  Ind.,  39,  206T  (1920-2)] 

REAGENTS 

Sulfanilic  acid  (reagent  grade  or  recrystallized).  7.6  grams  per  liter  of  distilled 
water. 

Sodium  nitrite.  3.4  grams  per  liter  of  distilled  water. 

Sulfuric  acid.  1  part  concentrated  H2S04  (sp.  gr.  1.84)  to  3  parts  of  distilled 
water. 

8%  Aqueous  sodium  hydroxide  solution. 


PROCEDURE 


Diazotize  the  sulfanilic  acid  by  adding  1  part  of  the  sulfuric  acid 
solution  to  5  parts  of  the  sulfanilic  acid  solution  followed  by  5  parts  of  the 
sodium  nitrite  solution.  This  solution  of  diazotized  sulfanilic  acid  should 
be  kept  cool  to  minimize  decomposition  and  should  be  prepared  about  5 
minutes  before  use. 

The  sample  containing  the  phenol  should  be  dissolved  in  water;  or,  if 
the  sample  is  insoluble  in  water,  the  sample  should  be  dissolved  in  as 
dilute  sodium  hydroxide  solution  as  is  possible  to  dissolve  the  phenol  in 
question.  If  the  sample  is  a  complex  mixture  that  is  insoluble  in  water,  it 
can  be  dissolved  in  a  water-immiscible  solvent  such  as  benzene,  pet¬ 


roleum  ether,  or  carbon  tetrachloride,  and  this  solution  can  be  extracted 
with  aqueous  caustic.  This  layer  can  then  be  used  for  the  analysis. 

To  the  sample  solution  or  aqueous  extract,  add  the  8%  sodium  hydrox¬ 
ide  in  the  ratio  of  5  ml  of  8%  sodium  hydroxide  per  100  ml  of  sample  solution. 
The  amount  of  sodium  hydroxide  is  not  critical  except  that  the  final  solution 
should  be  alkaline  and  the  standards  and  samples  should  be  treated  alike.  To 
the  alkaline  sample  solution,  add  enough  diazotized  sulfanilic  acid  to  obtain 
optimum  color  development.  These  amounts  of  reactants  and  the  optimum 
reaction  time  can  only  be  determined  experimentally  for  each  sample. 
Carefully  make  sure  that  enough  sodium  hydroxide  is  present  in  the  sample 
solution  to  neutralize  the  acid  contained  in  the  amount  of  sulfanilic  acid 
reagent  added.  The  final  solution  must  be  alkaline  for  the  coupling  reaction 

to  proceed  satisfactorily.  , 

Large  excesses  of  sulfanilic  acid  should  be  avoided,  since  the  diazotized 

reagent  will  decompose  in  the  alkaline  media  and  can  yield  colored 
decomposition  products. 
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The  amount  of  sample  and  reagent  used  must  be  such  that  an  adequate 
color  is  obtained  for  measurement.  The  color  measurement  can  be  made 
using  Nessler  tubes,  optical  color  comparators,  or  spectrophotometers. 
Prepare  color  standards  for  the  phenol  in  question  by  preparing  known 
solutions  and  carrying  them  through  the  foregoing  analysis.  Then  prepare 
calibration  curves.  It  is  well  to  emphasize  that  the  amounts  of  reagents 
and  conditions  of  analysis  must  be  duplicated  for  both  the  standards  and 
the  unknowns.  Otherwise,  variations  in  color  might  occur;  that  is,  some  of 
the  resulting  colors  have  indicator  properties  and  the  colors  vary  with  pH. 
Hence  the  pH  of  the  final  solution  can  be  important. 

This  method  will  detect  less  than  1  ppm  of  cresols,  phenol,  and 
naphthols.  Other  phenols  are  detected  in  very  low  concentrations  but  no 
figures  are  available.  It  should  be  stated  that  the  other  components  in  the 
sample  can  affect  the  limit  of  detection  quite  significantly. 

There  is  much  latitude  in  the  method  as  described,  because  of  the  wide 


range  of  phenols  that  can  occur  and  the  wide  range  of  mixtures  in  which 
they  might  occur. 

The  phenols  will  tend  to  couple  in  the  position  para  to  the  hydroxyl 
group.  If  this  is  occupied,  they  will  generally  couple  in  the  ortho  position 
but  usually  at  a  rate  slower  than  para  coupling.  If  the  ortho  and  para 
positions  are  occupied,  coupling  may  not  occur. 

Interferences  consist  of  aromatic  amines,  many  of  which  also  couple 
with  diazomum  compounds  to  form  dyes.  Also,  colors  are  sometimes 
formed  between  any  excess  of  nitrous  acid  in  the  reagent  that  might  react 
with  amines  or  other  mtrosatable  compounds.  Media  that  decompose 
diazomum  compounds,  that  is,  metallic  salts,  can  also  cause  color  to  form 
since  the  decomposition  products  are  generally  colored. 


From  the  Study  of  L.  R.  Whitlock,  S.  Siggia,  and  J.  E.  Smola 

[Anal.  Chem.,  44,  532  (1972)] 

na^soTm  :0ncer?lng  diaZO  COUplinS  in  this  reP0rt  was  carried  out,  in 

method  for  su^tfa,^ 

I  his  includes  a  determination  of  11  vsee  p.  /98). 

-  ■*—  -  ■*' • «  CMrrs: 

some  not  preiiously'  used  diazo  comPOunds,  including 

resold  for^enTLSeZ,  '  '°  «*  bj 
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Quantitative  Organic  Analysis 

1  he  problems  commonly  found  in  connection  with  the  analytical  utility 
of  the  coupling  reaction  are  nearly  all  derived  from  the  coupling  reaction 
conditions  that  must  be  controlled.  A  more  extensive  use  of  the  method 
foi  phenol  measurement  has  been  hindered  for  two  reasons.  First,  there  is 
a  general  lack  ot  information  defining  the  proper  reaction  conditions 
needed  for  the  many  possible  phenol-diazo  combinations.  Second,  there 
is  a  need  for  diazo  reagents  that  are  more  stable  and  whose  coupling 
reactions  are  less  sensitive  to  reaction  conditions,  such  as  pH  and  time. 

One  amine  chosen  for  study  was  sulfanilic  acid,  the  reagent  used  by 
Fox  and  Gauge  described  previously.  Sulfanilic  acid  gives  a  fairly  active 
diazo  (many  times  stronger  than  aniline),  possesses  high  water  solubility, 
and  is  easily  diazotized;  in  addition,  the  reagent  solution  remains  stable 
for  several  days  if  stored  at  0°C  in  darkness. 

Diazotized  p-nitroaniline  is  considerably  more  electrophilic  than 
diazosulfanilic  acid  and  is  known  to  couple  with  some  less  active  phenols 
(22-24).  The  results  obtained,  however,  indicated  that  this  reagent  is  not 
useful  for  quantitative  analysis  for  those  phenols  not  already  easily 
determined  using  diazosulfanilic  acid.  Difficulties  included  multiple  coupl¬ 
ing,  much  lower  molar  absorptivities,  and  the  Amax  values  shifted  to 
considerably  shorter  wavelengths.  Many  of  the  dyes  formed  were  water 
insoluble,  requiring  the  use  of  organic  solvents  in  the  procedure.  Also  the 
diazonium  salt  has  very  limited  stability.  This  reagent  may  be  useful  for 
qualitative  detection,  since  partial  coupling  was  observed  with  a  larger 
number  of  phenols. 

Diazotized  4-amino-l-naphthalenesulfonic  acid  was  studied  primarily 
to  increase  the  molar  absorptivity  of  the  resulting  azo  dyes.  This  would 
increase  the  sensitivity  of  the  method.  The  results  obtained,  however, 
indicated  that  this  reagent,  too,  is  not  useful  for  quantitative  phenol 
measurement. 

Several  distinct  advantages  were  realized  when  diazotized  p- 
phenylazoaniline  was  used  for  phenol  analysis.  This  amine  apparently  has 
not  been  used  before  as  a  reagent  for  phenol  analysis.  It  possesses  a 
considerable  amount  of  extended  conjugation;  once  coupled  to  phenols, 
azo  dyes  with  very  high  absorptivities  are  formed.  Increases  of  10,000  to 
30,000  absorptivity  units  over  dyes  formed  from  diazosulfanilic  acid  were 
common.  Besides  the  higher  e  values  obtained  with  this  reagent,  the  pH 
dependence  of  the  coupling  reaction  was  eliminated.  The  optimum  pH  of 
coupling  was  7.5  for  all  phenols  studied.  Similarly,  the  optimum  time 


22.  R.  H.  DeMeio,  Science,  108,  391  (1948). 

23.  W.  Lee  and  J.  H.  Trumbull,  Talanta,  3,  318  (1960). 

24.  J.  A.  Pearl  and  P.  F.  McCoy,  Anal.  Chem .,  32,  1407  (1960). 
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between  reaction  and  measurement  was  the  same  for  each  phenol.  An 
additional  advantage  is  that  the  diazonium  salt  is  very  stable.  It  was 
commonly  used  for  a  week  or  longer  when  stored  on  ice  (0°C)  and  in 
darkness  with  no  noticeable  change  in  its  ultraviolet  spectrum. 


REAGENTS 


diazotized  sulfanilic  acid,  5  m M  solution.  Dissolve  0.1 16  gram  of  sul- 
fanilic  acid  sodium  salt  and  0.035  gram  of  sodium  nitrite  in  approximately  50  ml 
of  water.  Cool  the  solution  to  0°C  on  ice.  Add  2  ml  of  2 N  hydrochloric  acid  with 
vigorous  stirring.  The  reaction  is  complete  after  a  few  minutes.  Adjust  the  final 
volume  to  100  ml  with  additional  cooled  (5°C)  distilled  water.  If  excess  nitrous 
acid  is  present,  as  evidenced  by  the  starch-iodide  test  paper,  destroy  it  by  adding  a 
few  drops  of  sulfanilic  acid  solution. 


diazotized  P-PHENYLAZO aniline,  5  wM  solution.  Dissolve  0.099  gram  of  p- 
phenylazoaniline  in  10  ml  of  acetone  and  add  30  ml  of  water  and  5  ml  of  2 N 
hydrochloric  acid.  Lower  the  temperature  to  15°C.  Add  0.035  gram  of  sodium 
mtrite  m  approximately  50  ml  of  water  with  stirring  over  a  20-minute  period.  A 

ah?  W  nXCC,SS  °.f  nitrOUS  acid  should  be  indicated  by  the  starch-iodide  paper. 
Adjust  the  final  volume  to  100  ml  with  cooled  distilled  water. 


apparatus 


Elmera202dyiIVSO^iOn  measurements  a"d  spectra  were  recorded  on  a  Perkin- 
timer  202,  UV-visible  spectrophotometer.  Matched  NIR  silica  celk  Owl 

Indents)  with  1 -cm  path  lengths  were  used  to  hold  trmeasurT 

of  holntiumo'xfde  gTaessSUremen,S  ^  CWT*Cted  *°  the  46>-"m  action  band 


procedure 

»«k  by  «r 

50  gM  phenol.  Next  add  20  S \  T  §  8  final  concentration  of  2  t 

amount  of  0.1  M  sodium  bicarbonareWat|eifal°n8  W'th  3  predeterm>ne 

<h«  oP,,mum  valua  ™c.b„“nT(“bS''  rrt?  sr  r pH  1 

p-phenylazoaniline  is  used  add  i  f  When  diazotize 

precipitation  of  the  azo  dye  formed  and  *trahyd,rofuran  to  prever 
reaction.  Finally,  add  a  1.0-ml  aliquot  of  theV^6'6™16  the  couPlin 

",,h  ,taro"*h  ”»<=•  «<■  *■*».  .^e  irr  ,nr,io 
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Quantitative  Organic  Analysis 


Table  31.  Reaction  Conditions,  Amax  and  e  Values  for  Phenols  Coupled  with  Diazotized 

Sulfanilic  Acid 


Reaction 

Molar 

Compound 

Time, 

Absorptivity 

^max> 

min. 

pH 

L/mole-cm 

nm 

Phenol 

2 

8.5 

21,000 

450 

o-Cresol 

2 

8.5 

22,100 

458 

m-Cresol 

2 

8.5 

18,200 

434 

Resorcinol 

2 

7.6 

43,500 

440 

Phloroglucinol 

2 

7.1 

51,000 

440 

m-Hydroxybenzoic  acid 

15 

8.1 

14,100 

414 

p-Hydroxybenzoic  acid 

15 

7.8 

13,800 

430 

m-Aminophenol 

5 

7.5 

30,000 

450 

m-Chlorophenol 

5 

8.5 

22,500 

432 

o-Iodophenol 

2 

7.5 

25,200 

448 

o-Phenylphenol 

2 

7.5 

19,300 

460 

a-Naphthol 

15 

7.1 

25,000 

520 

/3-Naphthol 

15 

7.1 

21,800 

492 

2,7-Naphthalenediol 

15 

7.1 

21,500 

492 

RESULTS  AND  DISCUSSION 


When  using  diazotized  p-phenylazoaniline,  the  reagent  is  light  yellow 
above  pH  7.0.  An  absorbance  value  between  0.05  and  0.10  was  normally 
observed  in  the  wavelength  region  used  for  the  phenol  measurement.  This 
blank  value  was  measured  and  subtracted  from  the  dye  absorbance  value 
for  each  phenol  determination. 

Table  33  gives  some  analyses  of  phenol  samples  in  water  solution.  Data 
using  both  diazotized  sulfanilic  acid  and  p-phenylazoaniline  are  included. 
The  results  were  obtained  by  reacting  known  concentrations  of  the 
phenols  and  comparing  their  absorbances  with  calibration  curves  pre¬ 
pared  for  each  of  the  phenols. 

The  advantage  of  this  method  of  phenol  measurement  is  that  very  small 
amounts  can  be  determined.  For  example,  assuming  an  £  of  5  x  104  and 
that  0.05  absorbance  units  can  be  measured  accurately,  the  limit  of 
detection  is  1.0  micromole  of  phenol  per  liter  of  solution.  For  a  cell 
volume  of  2  ml,  the  minimum  amount  detectable  is  0.3  ix g. 

The  total  phenolic  content  of  a  sample  containing  mixtures  of  phenols 
can  be  measured  from  a  single  coupling  reaction.  This  is  done  by 
comparing  the  absorbance  value  of  the  unknown  mixture  with  a  calibra¬ 
tion  curve  prepared  using  any  chosen  standard  such  as  phenol.  The 
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Table  32.  Reaction  Conditions  \max  and  £  Values  for 
Phenols  Coupled  with  Diazotized  p-PhenyIazoaniline“b 


Compound 

Molar 

Absorptivity 

L/mole-cm 

^  max 

nm 

Resorcinol 

58,500 

485 

Phloroglucinol 

85,000 

495 

m-Aminophenol 

38,500 

496 

o-Cresol 

27,500 

535 

m-Cresol 

26,000 

545 

a-Naphthol 

37,500 

520 

/3-Naphthol 

30,000 

512 

2,7-NaphthalenedioI 

30,000 

510 

1 ,5-Napthalenediol 

38,000 

650 

'  pH  for  reaction  of  each  phenol  was  7.5. 
b  Time  between  reaction  and  spectrophotometric 
measurement  was  3  minutes  for  each  phenol. 


TYsle  33.  Spectrophotometric  Determination  of  Various  Phenols  by  Formation  of  an  Azo 


Moles  (x  105) 


Compound 

Diazonium 

Taken 

Found 

Phenol 

m-Cresol 

a 

0.90 

0.91 

Resorcinol 

a 

1.63 

1.66 

p-Hydroxybenzoic  acid 

a 

1.31 

1.28 

m  "Hydroxybenzoic  acid 

u 

2.63 

2.55 

o-Iodophenol 

u 

1.15 

1.11 

/3-Naphthol 

Q 

5.50 

5.45 

m  ~  Aminophenol 

Cl 

3.08 

3.10 

o-Phenylphenol 

a. 

4.21 

4.26 

Resorcinol 

(X 

f 

1.05 

1.04 

Phloroglucinol 

0 

L 

0.35 

0.35 

o-Cresol 

0 

» 

0.24 

0.25 

m -Aminophenol 

b 

L 

1.88 

1.85 

a-Naphtho! 

D 

2.00 

2.04 

- — — - — ^ — _ _ 

b 

1.65 

1.66 

Diazosulfanilic  acid. 

- - - — 

Diazo-p-phenylazoaniline 
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resulting  concentration  is  then  expressed  as  percentage  of  the  sample  as 
phenol.  For  example,  a  solution  containing  1.6xlO~5M  phenol,  1.1  x 
10  M  o-cresol,  and  2.5x10 ~5M  m-cresol  was  determined  to  contain 
4.9  x  10  ''M  as  phenol.  The  error  is  about  5%. 

The  use  of  simultaneous  equations  permits  the  analysis  for  individual 
components  present  in  a  mixture.  A  unique  application  of  this  technique 
is  shown  for  the  analysis  of  the  1,5-  and  2,7-naphthalenediol  isomers 
using  diazo-p-phenylazoaniline  for  coupling.  The  Amax  values  for  the  1,5- 
and  2,7-isomers  are  650  and  510  nm,  respectively,  an  unusually  large 
separation.  The  simultaneous  equations  constructed  on  their  azo  dye 
absorption  spectra  with  the  appropriate  substitution  of  molar  absorp- 
tivities  at  each  wavelength  are  as  follows: 


A510  =  8850C,  5  +  30,000C2  7  -  B510 
•^650  =  38,000(1^  5  +  OC2  7  —  B650 


where  B5l0  and  B650  are  the  reagent  blank  absorbance  values  for  the 
diazonium  solution  alone,  and  Cl  5  and  C2J  are  the  molar  concentrations 
of  each  isomer.  Table  34  presents  results  showing  three  different  mixtures 
of  these  isomers. 

Table  34.  Spectrophotometric  Analysis  of  Naphthalenediol  Isomers  by  the  Method  of 

Simultaneous  Equations 


1 ,5-Naphthalenediol, 
moles  (x  105) 


2,7-Naphthalenediol, 
moles  ( x  105) 


Mixture 


Taken 


Found 


Taken 


Found 


A 

B 

C 


0.75 

1.50 

2.25 


0.72 

1.44 

2.16 


1.15 

1.73 

2.88 


1.20 

1.78 

2.89 


# 
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Carbonyl  Groups 


There  are  two  types  of  carbonyl  compound:  aldehydes,  RCHO,  and 
ketones,  RCRj.  These  compounds  occur  commonly  and  in  all  sorts  of 

O 

situations.  Hence  there  are  many  methods  for  determining  carbonyl 
groups,  each  method  attempting  to  overcome  some  of  the  limitations  of 
the  others.  Presented  below  is  a  series  of  methods  that  make  it  possible  to 
determine  carbonyl  groups  in  the  majority  of  situations  in  which  they 
might  occur.  These  methods  utilize  the  following  reactions  of  the  carbonyl 

f-P'°Xlme  iormation’  bisulfite  addition,  oxidation  (aldehydes  only), 
Schiri  base  iormation,  and  hydrazone  formation. 


Oxime  Formation 


The  methods  of  analysis  based  on  the  reaction  of  carbonyl  compounds 

- r  sr  ■:  set-  ~ 


t?/^d  nh2oh 

RCRi  - - ».  RCRj  +  h,Q 


(1) 


°  NOH 

"  ^  R(~Ri  +  HaO  +  HCI 

NOH 


NH2OH  HCI 


(2) 


base,  is  ti.raied-  The  analysis  is  based  on  *droxylaimne-  which  is  a  siror 

van“8e  ,ta  hyd'°*— > « a  S3 
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by  atmospheric  oxygen,  making  analysis  difficult.  Reaction  2  uses  the 
hydroxylamine  salt,  which  is  a  very  stable  reagent,  but  the  reaction  is  a 
distinct  equilibrium,  which  is  a  significant  difficulty  for  some  carbonyl 
compounds.  Hence  in  the  evolution  of  the  oximation  method  of  Fritz, 
Yamamura,  and  Bradford  shown  below,  we  see  the  attempts  to  harness 
the  speed  and  completeness  of  reaction  1  and  the  stability  of  the  reagent 
in  reaction  2. 

Hydroxylamine  alone  is  never  used  for  the  reasons  stated  earlier,  but 
hydroxylamine  hydrochloride  has  been  used  for  many  years  (1-5).  The 
acid  salt  has  been  used  successfully  by  the  authors  of  this  book  for  a  wide 
range  of  aldehydes  with  no  special  systems  at  all.  This  procedure  can  be 
outlined  as  follows. 


REAGENTS 

0.5 N  or  0.1N  Hydroxylamine  hydrochloride  in  any  of  the  following  solvents: 
water,  methanol,  ethylene  glycol,  isopropanol,  mixtures  of  the  latter  two,  mixtures 
of  glycol  or  isopropanol  with  benzene  or  petroleum  ether. 

0.5  N  or  0.1  AT  Standard  sodium  hydroxide  (aqueous  or  methanolic). 


PROCEDURE 


Place  50  ml  of  the  hydroxylamine  reagent  in  a  reaction  flask  along  with 
enough  sample  to  yield  a  titration  of  approximately  20  ml  with  the  titrant 
to  be  used.  Allow  the  mixture  to  stand  an  appropriate  length  of  time  for 
the  particular  carbonyl  compound  being  determined.  Thirty  minutes  at 
room  temperature  is  enough  for  some  aldehydes  (low  aliphatic  al¬ 
dehydes).  However,  heating  from  §  to  2  hours  is  required  for  the  more 
stubborn  cases  (generally  ketones  and  hindered  aldehydes).  Reflux  shou 
be  used  in  cases  where  heat  is  required  with  the  solvent  system  such  tha 
the  solvent  or  a  portion  thereof  boils  at  a  lower  temperature  than  the 
carbonyl  compound  in  the  sample.  This  keeps  the  carbonyl  material  from 
lodging)n  the  condenser;  the  solvent  keeps  it  rinsed  out  of  the  condenser 

hack  into  the  reaction  flask. 

After  the  required  length  of  time,  rinse  the  solution  from  the  reach 
flask  into  an  appropriate  beaker  using  as  minimum  quantity  of  a  suita 

1.  A.  H.  Bennett,  Analyst ,  34,  14-17  (1909k 

2.  C.  T.  Bennett  and  T.  T.  Cocking,  Ibid.,  56,  79-82  (1921). 

3.  H.  Schutes,  Angew.  Chem.,  47,  258-9  (1934j;  .  n935) 

4.  W.  M.  D.  Bryant  and  D.  M.  Smith,  J.  Am.  *’ 

5.  j.  Maltby  and  G.  R.  Primavesi,  Analyst,  74,  4)8  5UZ  Kvm). 
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solvent  (generally  the  same  solvent  as  used  for  the  reagent),  and  titrate 
the  mixture  potentiometrically  using  standard  0.1  or  0.57V  sodium  hyd¬ 
roxide  solution,  whichever  best  suits  the  sample. 

The  glass-calomel  electrode  system  operates  well  in  any  of  the  solvent 
systems  mentioned.  A  plot  of  apparent  pH  versus  milliliters  of  sodium 
hydroxide  solution  yields  the  end  point  of  the  titration.  Indicators  cannot 
be  used,  since  the  system  is  too  buffered  to  yield  sharp  pH  charges  at  the 
end  point.  A  blank  run  is  recommended,  since  some  solvents  yield  small 
blank  values. 


CALCULATION 


Milliliters  of  NaOH  x  N  NaOH  x  mol.  wt.  of  compound  x  100 

Grams  of  sample  x  1000 

_  %  carbonyl 
compound 

The  foregoing  method  indicates  the  flexibility  of  the  approach  The 
equilibrium  of  the  oximation  in  the  cases  of  some  aldehydes  and  ketones 
however,  is  so  significant  that  this  system  cannot  be  applied.  This  is 
rea  ily  seen  in  the  case  of  the  phenyl  ketones  such  as  acetophenone 
Also  for  some  ketones  the  system  is  too  slow  to  be  convenient  In 
addition  potent, ometric  titration  is  required,  since  the  change  in  acidity 
at  the  end  point  of  the  titration  is  too  gradual  for  the  use  of  indicators 

and  Smith  addld^pyridl^  Bryam 

up  the  hydrochloric  ,"d  ™d 

mmimizing  the  equilibria.  Even  though  indicators  are  used  in  o? 

tTome°tric  "titmlon  is^U^fhe'^ef e rrecT meth  Tf  ^  ^ 

end  point  detection.  h°d  f°r  accurate  and  precise 

“S  BamStein  <6) 

acid  was  used  as  solvent  and  u  j  .  hydrochloride.  Acetic 

base  with  perchloric  acid  used  as  \  titran^TV  aC6tate  was  titrated  as  a 
rap^rate  but  potentiometric  titration^ ^  & 

been  able  to  utilize  an^gMl^btse"^!-  '°  ^  described’  have 

optimize  the  reaction  completeness  and  l  ^ 

guchi  and  C.  H.  Barnstein,  Anal.  Chem.,  28,  1022  (1956). 
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titration  with  indicators.  The  method  uses  dimethylaminoethanol  as  the 
base  and  hydroxylamine  hydrochloride  in  methanol-isopropanol  as  reag¬ 
ent.  The  base  is  consumed  by  the  hydrochloric  acid  formed  in  the 
reaction,  and  the  excess  base  is  titrated  with  perchloric  acid.  The  reac¬ 
tions  are  quite  rapid,  equilibria  are  generally  overcome,  and  indicator  end 
points  are  possible. 


Method  of  J.  S.  Fritz,  S.  S,  Yamamura,  and  E.  C.  Bradford 


[ Reprinted  in  Part  from  Anal.  Chem.,  31,  260  (1959)] 


REAGENTS 

2-dimethylaminoethanol,  0.25M.  Dissolve  approximately  22.5  grams  of 
freshly  distilled  2-dimethylaminoethanol  (Eastman  Chemical  Products,  Tnc., 
White  Label  or  equivalent)  in  2-propanol  to  make  1  liter  of  solution. 
hydroxylammonium  chloride,  0AM.  Dissolve  27.8  grams  of  the  pure  salt  in 
300  ml  of  absolute  methanol  and  dilute  to  1  liter  with  2-propanoi. 

2-propanol.  Reagent  grade,  absolute. 

martius  yellow.  Dissolve  0.0667  gram  of  Martius  yellow  (Harleco,  Hartman- 
Leddon  Co.)  and  0.004  gram  of  methyl  violet  in  ethanol  and  dilute  to  50  ml  with 
ethanol. 

methyl  cellosolve.  Merck  &  Co.,  Inc.,  reagent  grade,  or  Union  Carbide 
Chemicals  Co. 

perchloric  acid,  0.2 M.  Pipet  17.0  ml  of  70%  perchloric  acid  and  diiu^  to  1 
liter  with  Methyl  Cellosolve.  Standardize  by  titration  of  tris(hydroxymethyl)- 
aminomethane. 

tris(hydroxymethyl)aminomethane.  Primary  standard  grade. 
carbonyl  samples.  The  compounds  analyzed  were  mostly  Eastman  White 
Label  chemicals  with  an  estimated  purity  of  98  to  100%.  Some  were  purified  by 
distillation  or  crystallization  prior  to  analysis. 


PROCEDURE 

Weigh  the  sample  containing  1.5  to  2.5  mM  of  reactive  carbonyl  into  a 
150-ml  glass-stoppered  flask.  Add  exactly  20  ml  of  0.25M  2- 
dimethylaminoethanol,  then  add  exactly  25  ml  of  0.4M  hy  'r'yyhm- 
monium  chloride.  Stopper  the  flask,  swirl  gently  to  mix,  and  let  stand  the 
required  length  of  time:  10  minutes  at  room  temperature  ts  sufficient  tor 
most  aldehydes  and  simple  aliphatic  ketones.  Check  doubtful  compounds, 
using  a  longer  reaction  time.  Aryl  ketones,  hindered  aliphatic  compounds, 
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and  dicarbon  ompounds  require  an  oximation  period  of  45  minutes  or 
longer  at  70°C.  Add  5  drops  of  Martius  yellow  indicator  and  titrate  with 
0.2M  perchloric  acid.  Take  the  change  from  yellow  to  colorless  or 
blue-gray  as  the  end  point. 

Determine  the  blank  by  titrating  a  similar  mixture  of  2-dimethyl- 
amiooethano  and  hydroxylammonium  chloride  that  has  stood  for  the 
same  period  of  time  as  the  sample.  Use  the  difference  between  the  blank 
Vb  and  the  sample  titration  Vs  to  calculate  the  percentage  of  the  car¬ 
bonyl  compound  in  the  sample. 

%  Carbonyl  compound  =  ^  ~  Vj(m°'ai  lty  °f  HCIQ^moL  wt  > 

10(sample  wt.,  grams) 

Quantitative  results  for  the  analysis  of  several  aldehydes  and  ketones 
:  re  given  in  Table  1.  Most  of  the  results  obtained  are  in  the  range  98  to 


Ue  1.  Determination  of  Aldehydes  and  Ketones 


Reaction  Reaction  No.  of 

Time,  Tempera-  Deter- 

\^ompoun<  min.  ture,  C  minations  Found,  %b 


2-Acetonaphthone 

Ace  ophenone 

Benzaldehyde 

Benzoin 

«-Bucyralde.iyae 

Cyclohexanone 

Cyclopentanone 

Dibenzylkf  one 
Furfural 

p-\i  y  dr  oxy  benzaldehy  de 
Methyl  isobu.yl  ketone 
p-  Titrcbenzc Idehyde 
Sa ’icvlr  !def"  de 


120 

Room 

60 

70 

90 

70 

30 

70 

45 

70 

60 

70 

20a 

Room 

120 

70 

180 

70 

K» 

C 

a 

Room 

30a 

Room 

30a 

Room 

30a 

Room 

20rt 

Room 

5  to  15 

Room 

30a 

Room 

20a 

Room 

2  97.9  ±  0.2 

3  99.4  ±0.1 

3  100.3  ±0.3 

2  95.8  ±0.0 

99.9  ±0.1 
2  99.9  ±0.1 

2  99.6  ±0.1 

2  98.6  ±  0.1 

3  99.3  ±  0.4 

2  98.5  ±0.1 

98.5  ±0.1 

2  98.4  ±  0.1 

3  95.8  ±  0.2C 

2  99.4  ±  0.2 

6  99.7  ±  0.2 

98.2  ±  0.1c 

99.4  ±  0.0 

99.6  ±  0.3 
99.9  ±  0.2 

99.5  ±  0.2 


T'ridecanone 
Vanillin 


5  to  15 
5  to  15 
5  to  15 


Room 

Room 

Room 


°  reason  time  is  probably  excessive. 

« TecZZ  'nde,X  “  a'erage  deviat'on  from  mean, 
e-nmcal  grade  sample  used. 
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o 


E 


c  300 


o 


200 


100 


Milliliters,  of  0.2 M  acid 


Fig.  2.1.  Potentiometric  curves  for  sample  titrations:  1,  cyclopentanone;  2,  cyclohexanone;  3, 
methyl  isobutyl  ketone;  4,  n-butyraldehyde;  5,  p-nitrobenzaldehyde;  6,  vanillin. 

100%,  which  is  the  estimated  purity  of  the  samples  taken.  As  a  check,  a 
vanillin  sample  was  found  to  be  99.5  ±0.2%  pure  by  oximation  and  99.5 
±0.1%  by  acid-base  titration.  Although  a  20-  or  30-minute  reaction  time 
was  used  for  many  of  these  compounds,  it  was  later  found  that  many 
simple  aldehydes  and  ketones  react  completely  in  10  minutes  or  less. 

Representative  titration  curves  are  plotted  in  Fig.  2.1.  One  striking 
feature  of  these  curves  is  the  sharpness  of  the  break  at  the  equivalence 
point.  Also,  the  equivalence  point  potential  is  virtually  the  same  for  the 

various  carbonyl  compounds. 

Unless  the  acid  titrant  is  free  of  carbonyl  impurities,  there  is  a  possibil- 
itv  of  error,  especially  if  the  titration  is  performed  slowly. 

j  .  1  1  .  J _ froo  from 


Better  results  are  obtained  it  the  solvents  used  are  essentially  free  from 
water.  Figure  2.2,  for  example,  compares  a  blank  titration  with  approxi¬ 
mately  8%  water  present  with  the  titration  curve  in  anhydrous  solution. 
The  reagent  used  shows  little  or  no  decomposition  during  oximation. 


luvt5  w 

ethers  (see  pp.  510-11). 


Bisulfite  Addition 


is  another  reaction  of  carbonyl  groups  that  is  used  for 


Bisulfite  addition  is  anol 
determining  these  groups. 
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O  SOsNa 

II  I 

RCRj  +  NaHSOg  ^  R — C — Rx 

OH 

In  this  reaction  can  be  a  hydrogen  atom  in  the  case  of  aldehydes.  As  in 
the  case  of  oxime  formation,  the  bisulfite  addition  reaction  is  a  distinct 
equilibrium.  The  equilibrium  is  more  favorable  for  aldehydes  than  it  is  for 
ketones,  hence  aldehydes  are  more  generally  determinable  with  this 
reaction  than  are  ketones;  in  fact,  very  few  ketones  can  be  measured  with 
this  approach. 


reaeenJVrTt  meth°dS’  S°diUm  biSU'fite  is  not  “sed  directly  as  the 

stem  ss*  •?.  1 

-en,  ,h.  of  ,he  8e“  “  “  *»n>- 

t,ion  °( r  ■*— — ■ 

the  degradation  of  the  bisulfite  is  duo  to  -a  n°W  ltt  e  used  because 
the  reagent  is  nrore  appa^em  whh  ,  hence ‘he  instability  of 

often  significantly  affects  the  ^ 

—  and  ,  Wagner,  ^  ^  • 
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bisulfite  and  causes  the  reaction  to  go  more  toward  the  free  aldehyde  and 
free  bisulfite.  The  extent  of  the  error  depends  on  the  equilibrium  constant 
for  the  particular  aldehydes,  the  concentrations  of  the  various  reaction- 
components,  the  amount  of  iodine  added  at  any  one  time,  and  the  time  it 
is  present  in  the  system. 

The  evolution  of  the  procedure  of  Siggia  and  Maxcy  is  described  below. 
Seyewetz  and  Bardin  (8)  used  sodium  sulfite  to  determine  aldehydes,  but 
there  were  difficulties. 

H  OH 

1/ 

CH3CHO  +  Na,S03  +  HaO  CH3C  +  NaOH 

SG3Na 


There  is  an  equilibrium  involved  in  the  foregoing  reaction,  and  the 
reverse  reaction  is  quite  pronounced.  In  the  determination  of  acetal¬ 
dehyde,  because  of  its  low  boiling  point,  much  aidehyde  is  lost  from  the 
solution.  Seyewetz  and  Bardin  tried  to  overcome  this  difficulty  by  keep¬ 
ing  the  acetaldehyde  content  in  their  samples  down  to  7  to  8%.  Also, 

they  chilled  the  solutions  to  4  to  5CC. 

In  attempts  to  use  the  Seyewetz  and  Bardin  procedure,  the  disadvan¬ 
tage  mentioned  was  very  evident.  The  equilibrium  caused  trouble  with 
the  low-boiling  aldehydes  because  of  consistent  loss  of  aldehyde  and  also 
caused  trouble  with  the  higher-boiling  aldehydes  because  of  the  insolubil¬ 
ity  of  the  free  aldehyde.  The  procedure  can  be  used  for  determining 
formaldehyde  (9)  because  of  its  relatively  high  solubility.  A  formaldehyde 

procedure  of  this  type  is  also  desciibed  by  D’Aielio  (10). 

Romeo  and  D’Amico  (11),  realizing  the  equilibrium  difficulties  in  the 
previous  procedures,  used  sodium  sulfite-potassium  bisulfite  mixtures  to 
determine  cinnamaldehyde  and  benzaldehyde,  mentioning  good  results 
for  cinnamaldehyde  but  poor  results  for  benzaldehyde.  They  tried  th. 
method  on  some  ketones,  but  results  were  generally  poor. 

The  function  of  the  bisulfite  is  to  shift  the  equilibrium  that  occurs  when 
sulfite  alone  is  used.  Because  of  the  instability  of  bisulfite  solutions, 
however  it  was  found  advisable  in  our  work  to  use  sulfuric  ac-d  instead. 
An  aliquot  of  standard  sulfuric  acid  is  added  to  a  large  excess  of  so 
sulfite  solution  to  produce  sodium  bisulfite  in  situ.  The  acid  is  very  stab 
and  can  si  for  long  periods  of  time  without  the  titer  changing 

8.  Seyewetz  and  Bard.n,  Bull.  Soc.  Chim.  Fr  (3)  33,  (1905). 

9.  Seyewetz  and  Gtbello,  Bull.  Soc.  Chim  v.  ,  >  York,  1946,  p. 

10.  G  F.  D'Alelio,  Experimental  Plastics  and  Synthetic  Resms  Wiley, 

n  a  Romeo  and  E.  D'Amico,  Ann.  Chim.  Appl..  IS,  320-30  (19.5). 
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significantly.  The  acid  is  not  added  to  the  sulfite  until  just  before  the 
aldehyde  sample  is  introduced.  The  aldehyde  reacts  with  the  bisulfite,  and 
the  excess  bisulfite  is  titrated  with  standard  alkali.  (The  reaction  might 
also  be  viewed  as  the  aldehyde  reacting  with  sulfite  to  liberate  sodium 
hydroxide  and  the  acid  present  consuming  the  sodium  hydroxide,  forcing 
the  reaction  to  completion.)  The  large  excess  of  sulfite  is  to  keep  the 
reaction  essentially  at  completion  as  the  excess  bisulfite  is  titrated  with 
alkali.  In  this  system,  tne  reaction  is  so  near  completion  that  no  aldehyde 
'.an  be  detected  above  the  solution,  even  in  the  case  of  low-boiling 
aldehydes  sncii  as  acetaldehyde.  Tins  reagent  also  dissolves  many  insol¬ 
uble,  high-boiling  aldehydes. 

To  detect  the  end  point  more  accurately,  it  was  found  advisable  to  use 
a  pH  meter  in  the  titration.  A  curve  is  plotted  of  pH  versus  milliliters  of 
standard  alkali  added,  and  the  end  point  is  determined  from  the  curve. 
As  a  shortcut,  it  can  be  noted  that  the  end  point  in  the  case  of  each 
aldehyde  comes  at  a  rather  definite  pH  (Table  2).  (There  is  only  slight 

Table  2 


Aldehyde 


Acetaldehyde 

Propionaldenyae 

Butyraldehyde 


Cinnamaldehyde 
(Takes  on  2  moles  bisulfite 
per  mole  sample) 
Crotonaldehyde 
( Takes  on  2  moles  bisulfite 
per  mole  sample) 
Benzaldehyde 


jvangv 

Solution  at 
Endpoint 


9.05-9.15 


9.30-9.50 


9.40-9.50 


9.50-9.60 


9.20-9.40 


8.85-9.05 


Observed  Value 
(moles) 


0.02455 

0.02120 

0.02858  (pH  9.1)a 

0.02085 

0.02037 

0.01792  (pH  9.4)a 

0.0249 

0.0233 

0.0275  (pH  9.45)a 
0.0105 
0.0108 

0.0120  (pH  9.55)° 

0.0250 

0.0189 

0.0235  (pH  9.30)a 
0.0163 
0.0168 

0.0147  (pH  8.95)a 


Sample 

Taken 


0.02458 

0.02118 

0.02862 

0.02090 

0.02053 

0.01811 

0.0243 

0.0236 

0.0280 

0.0106 

0.0110 

0.0122 

0.0253 

0.0190 

0.0238 

0.0164 

0.0173 

0.0154 


a  Rapid  method  used.  _ _ 

mmirmze  a,r  and  autoxidation  of  sample.  h°Urs  af'er  distllla"°n  to 
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deviation  with  the  size  of  sample.)  Once  this  pH  is  known,  each  sample 
can  be  titrated  to  that  pH,  thus  eliminating  the  necessity  of  plotting  a 
curve  for  each  sample. 

The  advantages  of  this  procedure  are  that  it  is  rather  generally  applica¬ 
ble  to  determining  aldehydes  and  that  it  has  overcome  the  difficulties  of 
equilibrium,  such  as  incomplete  reaction,  loss  of  sample,  and  poor  titra¬ 
tion.  This  procedure  has  also  overcome  the  end  point  difficulties  encoun¬ 
tered  in  the  previous  procedures  and  has  eliminated  the  necessity  of  using 
unstable  standard  solutions. 


Adapted  from  the  Method  of  Siggia  and  Maxcy 

[ Ind .  Eng.  Chem .,  Anal.  Ed.,  19 ,  1023  (1947)] 


REAGENTS 

1M  Sodium  sulfite. 

Standard  IN  sodium  hydroxide. 
Standard  IN  sulfuric  acid. 


PROCEDURE 


To  250  ml  of  1 M  sodium  sulfite  in  a  500-ml  glass-stoppered  Erlen- 
meyer  flask,  add  50  ml  of  IN  sulfuric  acid.  As  the  acid  is  added,  swirl  the 
flask  to  prevent  the  loss  of  sulfur  dioxide  caused  by  localized  overneu¬ 
tralization  of  the  sodium  sulfite.  To  this  solution  add  a  sample,  sealed  in  a 
glass  ampoule  (see  pp.  862—864),  containing  0.02  to  0.04  mole  aldehyde. 
Stopper  the  flask;  for  low-boiling  aldehydes  the  stopper  must  be  greased 
to  prevent  any  loss.  Then  vigorously  shake  the  flask  to  break  the  ampoule 
containing  the  sample.  Some  glass  beads  included  in  the  flask  with  the 
ampoule  will  cause  the  ampoule  to  break  more  easily.  Shake  the  flask  for 
2  to  3  minutes  (5  minutes  for  the  more  insoluble  aldehydes)  to  ensure 
complete  reaction.  Then  transfer  the  contents  quantitatively  to  a  beaker. 
Insert  electrodes  from  a  pH  meter  in  the  solution,  and  stir  the  solution. 
Note  the  pH  of  the  solution  as  standard  IN  alkali  is  added  to  titrate  the 


excess  acid.  .  .......  r 

For  accurate  results,  note  and  plot  the  pH  read.ng  versus  milliliters  of 

alkali  added.  The  end  point  is  determined  from  the  plot.  A  more  rapt 
method  of  determining  the  end  point,  though  slightly  less  precise,  is  to 
add  alkali  until  a  pH  is  obtained  corresponding  to  the  pH  at  the  end  point 
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for  the  particular  aldehyde.  This  end  point  pH  can  either  be  taken  from 
Table  2  or  predetermined  in  cases  of  aldehydes  not  mentioned. 

Sodium  sulfite  contains  a  small  amount  of  free  alkali  as  an  impurity  so 
that  250  ml  of  the  solution  consumes  some  acid.  The  blank  is  very  small 
but  not  negligible;  it  amounts  to  about  0.4  to  0.5  ml  of  IN  acid  per 
250  ml  of  sulfite  solution.  On  each  carboy  of  sodium  sulfite  solution 
prepared,  the  free  alkali  should  be  accounted  for  or  the  aldehyde  results 
will  be  slightly  high.  Rather  than  use  a  blank  on  the  sulfite  solution,  it  was 
found  more  satisfactory  to  add  enough  1 M  sodium  bisulfite  to  the  sodium 
sulfite  to  neutralize  the  free  alkali  and  bring  the  pH  of  the  sulfite  to  9.1. 
This  procedure  eliminates  the  need  of  a  blank  and  may  be  done  only  once 
to  each  carboy  of  solution. 


CALCULATIONS 

A  —  Calculated  amount  of  NaOH  standard  solution  needed  to  titrate 
the  50  ml  of  standard  acid  used  minus  the  milliliters  of  standard 
NaOH  used  to  titrate  the  sample 

AxN  NaOH  x  mol,  wt.  of  compound  x  1QQ 

Grams  of  sample  x  1000  ~  ^  comPoun<^ 

In  the  case  of  most  of  the  aldehydes  used  earlier,  the  end  point  was 
sharp  enough  that  the  rapid  method  of  just  titrating  to  the  pH  of  the  end 
pent  cou  d  cause  an  error  in  end  point  determination  of  only  ±0  2  "o 

ratkp1  Thls  error  18  not  very  significant  and  can  be  nullified  by  using  a 

LTm  "  Li  'n"'e  COr,e  »  »IO,,ed  “d  ±0-«  if  the  rapid 

t  'k"Tll“1""1  »f  henzaldehvde  is  relatively  poor 
0.5  ml  Here  a  pCt  T'  *"  ““  »'  *0.5  ,« 

Ketones  cannot,  on  the  whoU  K  d™'"6  ^  e"d  P°int  accurately, 
though  they  do  form  bisulfite  addi/  eter™ned  by  thls  method,  even 
ketone  quinone,  nTph.Sl^  Z' ”°jT  AC"°"e' 
clohexanone  is  the  only  ketone  t  '  a  °^exanone  were  tried.  Cy- 
method.  The  titration  curves  for  keto hat™.ght  be  determined  by  this 
react  with  bisulfite,  but  there  is  no  dk^  '"m'03*6  that  the  ketone  does 
The  pH  c,imbs 
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determination  of  cyclohexanone,  a  poor  end  point  is  obtained,  compara¬ 
ble  to  that  of  benzaldehyde.  From  the  titration  curves  in  the  determina¬ 
tion  of  ketones,  it  seems  that  the  equilibrium  between  ketone  and 
ketone-bisulfite  addition  product  leans  toward  free  ketone  and  sodium 
bisulfite  to  a  great  extent.  As  sodium  hydroxide  is  added,  the  pH  rises 
gradually,  but  no  break  occurs  in  the  curves.  When  excess  sodium 
bisulfite  is  consumed  by  the  sodium  hydroxide,  the  equilibrium  is  upset 
and  some  ketone-bisulfite  addition  product  is  consumed,  together  with 
the  excess  sodium  bisulfite,  and  no  end  points  are  obtained.  This  explana¬ 
tion  can  be  applied  in  the  determination  of  furfural,  which  behaves  like 


the  ketones. 

The  poor  end  point  in  the  determination  of  benzaldehyde  can  be 
attributed  to  the  same  cause,  but  in  this  instance  the  equilibrium  is 
enough  in  favor  of  the  addition  product  to  make  this  aldehyde  determina¬ 
ble  by  this  method.  .  .  ,  .  ,  ,  . 

Ketones,  in  general,  will  not  interfere  in  the  determination  ot  aldehydes 

if  they  are  not  present  in  excess  of  about  10  mole  %.  The  aldehyde 
produces  a  break  in  the  pH  versus  milliliters  of  sodium  hydroxide  curve 
whereas  the  ketone  does  not.  If  ketones  are  present  the  entire  curve  ot 
pH  versus  milliliters  of  sodium  hydroxide  has  to  be  plotted  and  the  bre 
in  the  pH  curve  determined  to  obtain  the  end  point.  As  the  Fig.  2.3 
indicates,  the  presence  of  ketones  can  affect  the  pH  at  the  end  pom  , 
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therefore  can  cause  erroneous  results  if  the  rapid  method  of  titrating  to  a 
definite  pH  value  is  used. 

Acidic  or  basic  impurities  in  the  sample  should  be  determined  sepa¬ 
rately  before  the  aldehyde  procedure  is  applied,  and  the  titration  for 
aldehyde  should  be  corrected  for  the  presence  of  these  impurities. 

Acetals  will  not  interfere  in  the  procedure.  These  compounds  hydrolyze 
in  strong  acid  solution  to  yield  acetaldehyde.  However  the  pH  of  the 
sodium  sulfite-sulfuric  acid  solution,  in  proportions  described  in  the 
procedure,  is  about  6.8,  and  there  is  no  noticeable  hydrolysis  of  the 
acetals  at  this  pH.  Also,  the  aldehyde  in  the  sample  consumes  the  bisulfite 
so  rapidly  that  the  pH  of  the  solution  is  raised  to  about  7.5  as  soon  as  the 
sample  comes  in  contact  with  the  sodium  sulfite-sulfuric  acid  solution 
further  lessening  any  possibility  of  hydrolysis. 

Hydrazone  Formation* 

Hydrazines  react  quantitatively  with  carbonyl  compounds  to  form  the 
corresponding  hydrazones. 


O 


17  C  A  r-. 


paper  of  S.  Siggia 
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Ardagh  and  Williams  (13)  used  phenylhydrazine  for  determining  car¬ 
bonyl  compounds.  Excess  phenylhydrazine  was  added  to  a  sample  and  the 
excess  was  determined  iodometrically.  Because  of  the  instability  of  the 
reagents  toward  atmospheric  and  dissolved  oxygen  and  also  partial  reac¬ 
tion  of  the  hydrazones,  the  method  is  unwieldy.  It  requires  oxygen-free 
conditions  and  an  extraction  to  remove  the  hydrazone  before  the  excess 
hydrazine  can  be  determined.  The  work  of  Ardagh  and  Williams  was  an 
extension  of  the  work  of  Von  Meyer  (14)  and  has  been  converted  to  a 
microprocedure  (15). 

Several  procedures  for  carbonyl  compounds  use  excess  phenylhy¬ 
drazine  and  decompose  the  excess  hydrazine  with  Fehling’s  solution  to 
liberate  nitrogen,  which  is  collected  and  measured  (16-21).  These  proce¬ 
dures  are  used  only  for  quantitative  estimations  and  cannot  be  applied  for 
precise  and  accurate  measurement  of  most  carbonyl  compounds. 

Hydrazine,  as  such,  cannot  conveniently  be  used,  but  hydrazine  sulfate 
has  been  used  to  determine  certain  aldehydes  (22-24).  The  acid  liberated 
in  the  reaction  with  the  carbonyl  compound  is  measured.  The  reaction 
times  are  generally  long  and  cannot  be  applied  to  acetal-containing 
samples,  owing  to  the  acidity  of  the  reagent. 

2,4-Dinitrophenylhydrazine  has  been  used  for  volumetric  methods. 
Clift  and  Cook  (25)  dissolved  the  hydrazone  in  excess  standard  caustic 
and  back-titrated  the  excess.  Espil  and  associates  (26,  27)  used  titanous 
chloride  to  reduce  the  nitrohydrazones.  The  difficulties  in  these  methods 
lie  in  the  quantitative  separation  of  the  hydrazone  and  drawbacks  in  the 
use  of  titanous  chloride.  Schoeniger  and  Lieb  (28,  29)  determined  the 
excess  2,4-dinitrophenylhydrazine  with  titanous  chloride. 


13.  E.  G.  R.  Ardagh  and  J.  G.  Williams,  /.  Am.  Chem.  Soc.,  47,  2983  8  (1925). 

14  E  Von  Meyer,  J.  Prakt.  Chem.,  36,  115-19  (1887). 

15*  H.  Lieb,  W.  Schoeniger,  and  E.  Schivizhoffen,  Mikrochem.  Mikrochim.  Acta ,  35, 
407-11  (1950). 

16.  E.  Fischer,  Ann.,  190,  101-8  (1878). 

17.  G.  M.  Ellis,  J.  Chem.  Soc.,  130,  848-51  (1927). 

18.  I.  S.  MacLean,  Biochem.  J.,  7,  611-15  (1913). 

19.  L.  Marks  and  R.  S.  Morrell,  Analyst,  56,  508-14  (1931). 

20.  H.  Stracke,  Monatsh.,  12,  514  (1891). 

21.  Ibid.,  13,  299  (1892). 

22.  L.  Fuchs,  Sci.  Pharm.,  16,  50-6  (1948). 

23’  L.  Fuchs  and  O.  Matzke,  Ibid.,  17,  1''in949),  (1947) 

24.  L.  Mon.i  and  M.  T.  Masserizzi,  Ann.  Chm.  ^  37  10  5  (1947). 

25  F  P.  Clift  and  R.  P.  Cook.  Bmchem.  J..  36,  1800-3  (19. 

26:  L.  Esp,.  and  1.  Gevevo.s,  Bull.  So,  Chi n,  Fr.,  ,.V 7-18.  « 32 ^(1938). 

27.  L.  Espil  and  °  ^r0CJm.  Mikrochim.  Ada.  38.  165-7  (1951). 

£  Z:  SEE  £  S:  i£  Ana,.  134,  m-91  <195,). 
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p-Nitrophenylhydrazine  has  been  used  (30)  by  isolating  the  derivative, 
reducing  with  stannous  ion,  and  determining  the  excess  stannous  ion 
iodometrically.  The  procedure  is  long  and  suffers  from  the  difficulty  of 
complete  isolation  of  the  derivative. 

2,4-Dinitrophenylhydrazine  has  been  tried  from  a  gravimetric  stand¬ 
point — namely,  removal  of  the  hydrazone  derivative  and  weighing  it 
(31-37).  The  gravimetric  methods  give  slightly  low  recovery  and  are 
limited  generally  to  aqueous  or  partially  aqueous  media  because  of  the 
lower  solubility  of  the  hydrazones  in  water. 

2,4-Dinitrophenylhydrazine  has  been  used  also  for  colorimetric  deter¬ 
mination  of  carbonyl  compounds  (38-43). 

Of  the  many  hydrazine  approaches  used,  the  application  of  unsymmet- 
rical  dimethylhydrazine  and  2,4-dinitrophenyIhydrazine  has  proved  the 
most  successful.  Neither  reagent  is  significantly  affected  by  oxidation. 


UNSYMMETRICAL  DIMETHYLHYDRAZINE  METHOD 

Unsymmetrical  dimethylhydrazine  gave  a  reagent  that  was  stable  for 
several  weeks  when  stored  in  a  dark  bottle.  The  reaction  with  aldehydes 
rapid  and  complete.  This  hydrazine  also  reacts  with  ketones  as  is 
indicated  by  lb.  evolution  of  h.a,  ,„d  color  E^eZ,y 

however  the  basic  strength  of  the  hydrazones  of  the  ketones  is  not  too 
rC  ;i  Ton:.fr0m(the  baS'C  Strength  of  the  hydrazine  itself.  Therefore 

sample.  add"<  '» 

no.  aliphatic)  aldehyde,  i„  the  presence  of  keTo7‘'('“bk  7"'“'  <b“' 

o?'  9.  £et“'  Buli  Soc-  Chim ■  Fr.,  IS,  141-2  (1948). 

32  B  I  atZ.  and  \  S'  Neuber«-  Biochem.  Z„  255,  27-37  (1932) 
n  Jc  Fe,nber«'  Am.  Chan.  J.,  49,  87-116  (1913). 

(1932).  Z  a"d  L'  S°ClaS’  ReV'  Acad'  Cienc-  Exaa  Fis.  Nat.  Madrid,  28,  330-3 

354:  a:  idd!::,  a;dw.  LwacBS0Bn:  “s  Bng-  fr- AnaL  Ed- 6- «« 

36.  E.  M.  Plein  and  C.  F.  Poe,  Ind.  Ene^Chr  a  T  , Hart’  ,hld  -  W  1 02-3  (1939). 

37.  U.S.  Pharmacopoeia  XI,  p.  353  193^  em"  ”a '  Ed’’  (1938). 

39  H  BhChtm ■  Z'  274’  2|2-19  (1934). 

o:  i  L“drcdcifr/  sr  m-i° imi)- 

41.  w.  C.  Mathewson  J  Am rt  c  23’  541~2  <195D. 

42.  G.  Mauhiessen  and  H  Dahn  z  'r^'p  2’  ^  (1920>- 

43.  M.  F.  Pool  and  A.  A.  Klose j Am'mr^’  H3’  336-40  ,1944'- 

C’  J-  Am-  0,1  Chem-  Soc..  28,  215-18  (1951). 
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Table  3.  Results  Obtained  in  Analysis  of  Various  Aldehydes 


%  by 

Reaction 

Dimethyl- 

Time, 

%by 

hydrazine 

hours 

NH2OH  HCla 

Formaldehyde  (aqueous  solution) 

36.6  ±0.1  (4)b 

0.25 

36.6 

Acetaldehyde 

97.3  ±  0.8  (3)b 

0.25 

97.3 

Propionaldehyde 

96.6  ±  0.5  (3)& 

0.25 

96.5 

Butyraldehyde 

94.5  ±  0.5  (3)b 

0.25 

95.1 

Cinnamaldehyde 

96.6  ±  0.2  (3)5 

0.50 

97.1 

Furfurai 

97.6  ±  0.2  (3)b 

2.0 

98.2 

Crotonaidehyde 

93.0  ±  0.2  (4)b 

0.5 

93. 2C 

Salicylaldehyde^ 

99.6  ±  0.3  (10)e 

0.5 

99.6  ±0.4(10) 

Anisaldehyde 

95.7  ±0.4(3)p 

2.0 

95.9 

Ben  aldehyde 

92.7  ±  0.3  (3)e 

2.0 

94.7 

/?;-N  trobenzaldehyde 

98.7  ±0.1  (3)e 

2.0 

98.7 

2,6-Dichiorobenzaldehyde 

98.3  ±0.5(3)' 

2.0 

98.8 

2,4-Dimeihoxybenzaldehyde 

99.1  ±0.3(3)' 

2.0 

97.7 

NKoOH  HCl  used  was  0.5/Vin  1  to  1  methanol-water.  Samples  were  refluxed 
1  hour  and  then  titrated  potentiometrically  with  0.57V  NaOH. 
b0.2A/DMH  in  ethylene  glycol. 
c  determined  by  bisulfite. 

Since  salicylaldehyde  is  stable,  it  was  possible  to  use  it  as  a  pure  standard. 
Sample  used  was  made  from  the  bisulfite  addition  compound  (Eastman  Kodak), 
distilled  once  in  laboratory  before  use. 

*  1MDMH  in  ethylene  glycol. 
f  1  M  DMH  in  MeOH. 

Figures  in  parentheses  indicate  number  of  determinations  used.  Precision 
indicated  is  as  average  deviation  arrived  at  from  number  of  determinations 

made. 


Aromatic  aldehydes  yield  hydrazones  that  exhibit  no  detectable  basic¬ 
ity.  Therefore  on  titration  of  the  excess  hydrazine,  a  sharp  break  in  the 
titrat.on  curve  is  obtained  when  all  the  excess  hydrazine  is  neutralized 
(Fig.  2.4).  The  aliphatic  aldehyde  hydrazones  are  noticeably  basic,  how¬ 
ever  on  back-titration  of  the  excess  hydrazine,  a  more  gradual  break  in 
the  titration  curve  is  obtained  (Fig.  2.4),  and  sometimes  a  break  for  the 
hvdrazone  is  seen  if  the  titration  is  carried  further.  When  ketones  are 
present,  the  hydrazone  of  the  ketone  buffers  the  solution  very  noticeably. 
The  hvdrazone  of  the  aromatic  aldehyde  is  so  weakly  basic  that  the  break 
for  the  back-titration  of  the  hydrazine  is  quite  distinct.  Thus  although  to 
break  in  the  titration  curve  is  subdued  by  the  buffering  action  of  the 
hydrazone  of  the  ketone,  the  break  for  excess  hydrazine  is  still  visible.  In 
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Fig.  2.4.  Titration  curves:  1,  formaldehyde;  2,  salicylaldehyde. 


the  case  of  the  aliphatic  aldehyde,  however,  the  hydrazone 
obliterates  the  already  weak  break. 

Carboxylic  acids,  in  general,  do  not  interfere,  since  they  are  relatively 
weak  acids  compared  with  the  mineral  acid  used  in  the  titration  (Table 

J.If  3  ,°ng  ac!d  ls  Present  >n  a  sample,  a  separate  determination  of  this 
acid  can  be  made,  and  a  correction  applied;  or  the  sample  can  first  be 

ih  USmg  *he  hydrazine  reagent  before  the  hydrazine  for  the 

aldehydes  resembles  those  of  salicvlalH  h  ratl°n  curves  of  all  the  aromatic 
ic  aldehydes.  The  shamness  o  the  k  l  ““  n0t  th°Se  °f  the  a,iPhat- 
wM,  ketone  present,  since  i,  can  „a„d 

» Sr; t  r  ***»«  *>„«, 

ous  solvent  was  desired  because  manv  o  *  C£m  be  USeC*’  but  a  nonaque- 
soluble  and  the  titration  breaks  in  the  cas^of ™y  n°‘  be  Water 
Poor  in  water.  Alcohols  had  the  drawback  '  ahphat,c  aldehydes  were 
with  the  aldehydes,  giving  low  resufis  £^1  306131  f°rmati°n 

operate  satisfactorily  both  as  solvent  and  a  T  g  yC°'  W3S  found  to 

-  in  8,y„,  ,„d  had 
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Table  4.  Effect  of  Acids,  Acetals,  and  Ketones  on  Aldehyde  Determination 

Aldehyde 

Aldehyde  Acid  Acetal  Ketone  Found 

Added,  Added,  Added.  Added,  - 

Mixture  Analyzed  grams  gram  gram  grams  Grams  % 


Formaldehyde®  0.1660 

Formaldehydea-formic  acid  0. 1 684 

0.1758 

Formaldehydea-methylal  0.1830 

0.1631 

Acetaldehyde  0. 1 062 

Acetaldehyde-acetic  acid  0. 1 062 

Acetaldehyde-dimethyl  acetal  0. 1 062 

0.1062 

Salicylaldehyde  1.3053 

Salicylaldehyde-salicylic  acid  1 . 1 999 


Salicylaldehyde-cyclohexanone  1 .2249 
Salicylaldehyde-benzophenone  1 .2046 


— 

— 

— 

0.0609 

36.7 

0.0211 

— 

— 

0.0611 

36.3 

0.0624 

— 

— 

0.0643 

36.6 

— 

0.0549 

— 

0.0670 

36.6 

— 

0.1512 

— 

0.0595 

36.5 

— 

— 

— 

0.1031 

97.1 

0.1283 

— 

— 

0.1036 

97.6 

— 

0.1213 

— 

0.1036 

97.6 

— 

0.0342 

— 

0.1040 

98.0 

— 

— 

— 

1.2962 

99.3 

0.1380 

— 

— 

1.2008 

100.1 

— 

— 

0.9580 

1.2233 

99.9 

_ 

_ 

1.5077 

1.2008 

99.7 

a  Baker’s  formaldehyde  solution,  37%. 

enough  to  undergo  acetal  formation  slowly  enough  to  prevent  interfer¬ 
ence.  Tetrahydrofuran  and  chlorobenzene  were  tried  as  solvents,  but  the 
reaction  proceeded  much  too  slowly,  tert- Butyl  alcohol  was  tried  because 
this  is  still  a  polar  solvent  but  does  not  undergo  acetal  formation  very 
readily;  the  reaction  was  somewhat  slow,  and  poor  precision  was  ob¬ 
tained.  Pyridine  was  also  tried;  the  reaction  proceeded  rapidly,  as  indi¬ 
cated  by  the  heat  evolved  and  color  formation,  but  the  hydrazone  and  the 
excess  hydrazine  titrated  together,  making  analysis  impossible.  Table  3 
summarizes  the  results  obtained  with  this  method. 


REAGENTS 

Asymmetrical  dimethylhydrazine  (Westvaco  Chemical  Division,  Food  Machin¬ 
ery  and  Chemical  Corp.,  New  York),  0.2 M  solution  in  ethylene  glycol  for 
aliphatic  aldehydes,  1 M  solution  in  ethylene  glycol  for  aromatic  aldehydes,  an 
1  m  solution  in  methanol  for  disubstituted  benzaldehydes.  Standard  0.1  and  0.5N 
solutions  of  hydrochloric  acid  in  methanol. 


PROCEDURE 

Pioet  25  ml  of  reagent  into  a  glass-stoppered  flask  and  add  the 
weighed  sample  (about  0.002  mole  for  al.phatic  and  0.01  mole  for 
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aromatic  aldehydes)  to  the  reagent.  The  reaction  is  allowed  to  proceed  at 
room  temperature  for  15  minutes  or  longer,  depending  on  the  aldehyde 
being  determined  (Table  3).  When  the  reaction  is  complete,  wash  the 
solution  into  a  250-ml  beaker  with  approximately  50  ml  of  methanol,  and 
titrate  the  excess  dimethylhydrazine  potentiometrically  with  standard 
hydrochloric  acid  in  methanol.  Use  hydrochloric  acid,  0.1N,  to  titrate 
0-2 M  hydrazine  reagent,  and  0.5M  hydrochloric  acid  to  titrate  the  1 M 
reagent.  Determine  a  blank  on  25  ml  of  reagent  in  the  same  manner.  In 
all  cases,  use  the  glass-calomel  electrode  system. 

Calculate  percentage  of  aldehyde  using  the  following  equation: 


%  Aldehyde  =  ^or  blank)  (ml  for  sample)  x  N  of  HC1  x  mol .  wt.  x  1 00 

Weight  of  sample  x  1000 

One  molar  reagent  is  necessary  for  determining  aromatic  aldehydes 
that  react  slowly  with  more  dilute  reagent,  but  it  should  not  be  used  for 
aliphatic  aldehydes,  since  a  rise  in  temperature  resulting  from  rapid 
reachon  may  cause  loss  of  reagent.  To  keep  the  reaction  time  at  a 
minimum  use  100%  excess  of  reagent  in  all  determinations. 

The  solubility  of  disubstituted  benzaldehydes  in  ethylene  glycol  is  not 
great  enough  to  allow  their  determination  in  this  solvent,  but  since  they 
<10  ~o,  form  under  ,he  condi, ion,  „„d.  i,  i,  po,,ibl,  ,o  deTermm, 

hem  in  methanol  without  loss  of  aldehyde.  Most  other  aldehydes  aive 
ow  results  in  methanol  because  of  acetal  formation. 


2,4-DINITROPHENYLHYDRAZINE  method 

bonyhiScompCoundes  7^  ^  *?"***  identification  reaction  for  car- 


NHNH. 


no2v^no 


R 

\ 

+  c=o 

rC 


/R1 

nhn=c  +  h2o 

N02k^N02  R 


where  R  and  R,  could  be  a  hydrogen  atom. 

he  reaction  is  also  very  specific-  ;nte  r 
materials  that  will  oxidize  the  hydrazine  '"S  0™  co"sist  mainly  of 

with  the  hydrazones.  This  procedure  is  also  Wh'Ch  3re  wei8hed 

“ of  i"‘b-  - 
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solution,  it  will  hydrolyze  the  above-mentioned  compounds  to  the  corres¬ 
ponding  aldehyde  or  ketone,  which  will  then  react  with  the  reagent. 

The  procedure  described  below  is  designed  for  water-soluble  samples 
only.  Since  such  a  small  amount  of  carbonyl  compound  is  necessary 
(40  x  10“  5  mole),  however,  we  can  usually  dissolve  enough  sample  in  water 
to  yield  enough  carboxyl  compound  for  analysis. 

Method  Adapted  from  the  Procedure  of  H.  A.  Iddles  and  C.  E.  Jackson 

[Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  454-6  (1934)] 


REAGENTS 

A  saturated  solution  at  0°C  of  2,4-dinitrophenylhydrazine  in  2 N  aqueous 
hydrochloric  acid  solution.  This  solution  contains  about  4  mg  hydrazine  per 
milliliter. 

2 N  Hydrochloric  acid  solution. 


PROCEDURE 


In  a  glass-stoppered  flask,  place  50  ml  of  reagent.  To  this  add  the 
sample  which  should  contain  approximately  40x  10  5  mole  of  aldehyde. 
Allow  the  mixture  to  stand  in  an  ice  bath  for  1  hour.  In  the  case  of  the 
volatile  carbonyl  compounds  such  as  acetaldehyde  or  acetone,  it  is 
advisable  to  shake  the  flask  vigorously  from  time  to  time  to  ensure  the 
reaction  of  any  carbonyl  material  that  may  be  in  the  atmosphere  above 
the  reagent.  After  the  period  of  standing,  filter  the  precipitate  off  into  a 
tared  Gooch  crucible  or  into  a  tared  sintered-glass  funnel.  Wash  the 
precipitate  with  2 N  hydrochloric  acid,  then  with  water,  and  dry  it  in  a 
vacuum  desiccator  over  sulfuric  acid.  The  precipitates  can  usually  also  be 

dried  in  an  oven  at  100°C. 


CALCULATIONS 

Weight  of  hydrazone  x  gravjmetr ic  factor  x  1 00  =  %  carbonyl  compound 
Weight  of  sample 


Used  to 
ketone,  me 
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salicylaldehyde,  anisaldehyde,  and  vanillin.  These  aldehydes  mentioned 
previously,  normally  considered  water  insoluble,  are  actually  soluble 
enough  in  water  (only  40xl0_5mole  is  required  by  the  method)  to  be 
analyzable  by  this  method. 

The  authors  of  this  book  have  used  propionaldehyde,  formaldehyde, 
crotonaldehyde,  furfural,  methyl  vinyl  ether,  dimethyl  acetal,  ethyl  vinyl 
ether,  and  diethyl  acetal  in  addition  to  some  of  the  carbonyl  compounds 
used  by  the  originators  of  the  procedure.  The  procedure  was  found  to  be 
reproducible  to  ±1%  and  accurate  to  ±1%  in  the  case  of  the  carbonyl 
compounds  whose  hydrazones  are  not  very  soluble  at  all.  Slightly  low 
results  (-2  to  -3%)  were  obtained  for  some  aldehydes  (acetaldehyde  and 
propionaldehyde),  because  of  the  solubility  of  the  hydrazone  in  water. 

Oxidation  Methods 


OXIDATION  WITH  SILVER  ION 

The  oxidation  methods  using  silver  ion  are  applicable  to  the  determina¬ 
tion  of  aldehydes  only.  Ketones  do  not  undergo  this  reaction.  Also,  vinyl 
ethers  and  acetals  generally  do  not  hydrolyze  under  the  condition  of  this 
approach,  thus  the  aldehydes  involved  in  these  cases  are  not  available  to 


RCHO  +  AgzO  —  RCOOH  +  2Ag 

involves  the  ‘T^Tolle^b68  ‘°  ^  Si'Ver  °xidation  me‘hods.  One 

r  rri  ~ 

m«,hod .  metw,  since  the  T;actr.™'“  jl:  8 


Using  Tollen’s  Reagent  (Ammoniacal) 

aldehydes.  This  section  'mXmes^iowT11  ^  f  qualitative  reagent  for 
aldehydes  quantitatively  '  C3n  be  emPloyed  to  measure 

”,V"  oMizm  agent  to,  aldehyde, 

R-CHO  +  Ag20  R— COOH  +  2Ag 


Quantitative  Organic  Analysis 

The  sample  of  aldehyde  is  reacted  with  a  freshly  prepared  standard 
solution  of  a  modified  Tollen’s  reagent.  After  approximately  10  minutes 
at  room  temperature  the  excess  ionized  silver  is  titrated  potentiometri- 
cally  with  potassium  iodide  using  a  silver  and  a  calomel  electrode  with  a 
potassium  nitrate  bridge.  A  sharp  break  in  the  titration  curve  like  the  one 
in  Fig.  2.5  is  obtained.  Standard  hydrochloric  acid  can  be  used  if  the 
solution  is  first  neutralized  with  nitric  acid.  The  breaks  obtained  with 
hydrochloric  acid  are  not  as  sharp  as  those  when  potassium  iodide  is  used. 
Also,  in  the  neutralization  a  glass  electrode  must  first  be  used;  it  is  later 
exchanged  for  the  silver  electrode  for  the  final  titration. 

Acetals,  vinyl  ethers,  and  ketones  (with  the  exception  of  cyclohex¬ 
anone,  which  reacts  very  slowly),  do  not  interfere,  nor  do  they  have  any 
effect  on  the  titration  curve.  Acids  in  the  aldehydes  also  do  not  interfere. 
Compounds  that  would  interfere  are  those  that  have  active  halide  groups. 

This  procedure  has  been  tried  on  a  number  of  aldehydes  with  results 
listed  in  Table  5.  Since  the  aldehydes  obtained  were  not  of  known  purity, 
check  analyses  were  run  by  known  methods.  With  benzaldehyde,  longer 
reaction  time  gives  lower  results.  This  effect  may  be  due  to  a  Cannizar- 
ro-type  reaction  or  to  the  formation  of  the  aldehyde-ammonia.  Salicylal- 
dehyde  reacts  very  slowly.  After  1  hour  the  aldehyde  is  only  slightly 
oxidized.  It  is  possible  that  a  longer  reaction  time  and  higher  tempera¬ 
tures  may  bring  higher  results.  However  the  reagents  are  unstable,  and 


X 

Titration  with 
-after  neutraliza 
solution  with  T 
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Milliliters 


Fie  2  5  Curves  indicating  theshapeof  the  curve  that  does  not  vary  in  the  systems  but  does  vary  if 
hydrochloric  acid  is  used  instead  of  potassium  iodide.  The  use  of  hydrochloric  acid  and  potassium 
iodide  yields  millivolt  readings  that  are  quite  different.  Also,  different  systems  show  some 

variance  in  millivolt  readings. 
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Table  5 


Time 

min. 

Found 

Found — 

Other  Method 

Acetaldehyde 

5 

0.0749  g 

0.0750  gb 

0.0740 

15 

0.0462 

0.0451 6 

0.0456 

0.0463 

Butyraldehyde 

20 

91.4  %a 

96.5  %a-b 

30 

93.8 

96.2 

67 

95.5 

97.5 

61 

97.0 

72 

96.5 

96.7  av. 

Formaldehyde 

5 

0.0501  g 

0.0504  gb 

14 

0.0499 

35 

0.0499 

Propionaldehyde 

Approx. 

0.0774  g 

0.0771  gc 

10 

0.0774 

Furfural 

15 

96.7  °/n 

98.8  %a’d 

30 

98.2 

45 

98.5 

60 

98.2 

60 

97.9 

35 

98.2 

45 

97.0 

Crotonaldehyde 

60 

93.5%“ 

90.2%a’d 

60 

91.7 

60 

93.2 

a  \ 

120 

93.0 

...  ,  .  ”  ,  1V^UW  aa  FCI  images  since  the  samp  e  was  weighed  out 

undiluted.  For  the  other  aldehydes,  a  solution  was  made  uj>,  and  ahquots  were 
taken  for  each  of  the  methods  used,  ^ 

(1947)SUlfite  meth0d  °f  Siggia  and  MaXCy’  lnd-  EnS-  Chem  ’  A»“l-  Ed.,  19,  1023 
11, '  ?02n939hPheny'hydra2lne  meth0d  °f  lddleS>  LOW’  R0Sen-  and  Harte,  ibid., 
titrating  liberalThyM  is0pr0Pvl  alcoho‘  and 
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these  trials  should  not  be  attempted  without  careful  precautions  (see 
Procedure). 

Procedure  of  S.  Siggia  and  E.  Segal 

[Anal.  Chem.,  25 ,  640  (1953)] 


REAGENTS 

6 N  Sodium  hydroxide. 

Standard  0.1N  silver  nitrate. 
Concentrated  ammonium  hydroxide. 
Standard  0.1N  potassium  iodide. 


PROCEDURE 

Make  up  the  reagent  for  a  single  determination  as  follows.  Pipet  exactly 
50  ml  of  0.1N  silver  nitrate  into  a  250-ml  glass-stoppered  flask.  Add  1  ml 
of  6 N  sodium  hydroxide,  and  shake  the  mixture.  Then  add  concentrated 
ammonium  hydroxide  dropwise  to  just  dissolve  the  precipitate  of  silver 
oxide.  Approximately  1  to  2  ml  of  concentrated  ammonium  hydroxide  is 
necessary;  shaking  the  mixture  during  the  addition  aids  in  dissolving  the 
precipitate.  Too  large  an  excess  of  ammonium  hydroxide  makes  the 
reagent  less  sensitive.  Add  a  sample  of  aldehyde  (0.0015-0.0020  mole) 
and  shake  the  mixture  for  a  few  minutes.  The  formation  of  a  silver  mirror 
or  brown  turbidity  is  a  sign  of  a  positive  reaction.  Allow  the  solution  to 
stand  for  the  time  listed  in  Table  5  for  the  particular  aldehyde  being 
determined;  the  reaction  time  should  be  predetermined  if  the  aldehyde 
being  determined  is  not  included  in  this  table. 


The  solution  is  then  transferred  to  a  250-ml  beaker,  and  the  excess 
silver  ion  is  titrated  potentiometrically  with  0.1N  potassium  iodide.  A 
silver  electrode  and  a  calomel  electrode  with  potassium  nitrate  bridge  are 
used  on  the  standard  pH  meter.  (Model  G  Beckman  pH  meter  was  used 


reagent  as  prepared  in  mis  men 
standin~  n^.irc  fnrminp  a 

handlir 


black  solid  that  detonates  violently  on 


hours  and  has  been  Kepi 
prepare  it  fresh  for  each  use 
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to  handle  as  long  as  it  remains  clear,  but  if  a  black  turbidity  forms,  the 
flask  should  be  wrapped  in  a  towel,  the  operator  keeping  his  face  behind 
a  suitable  shield,  and  the  solution  poured  down  the  drain. 

The  silver  mirrors  formed  on  the  flask  by  the  reaction  should  not  be 
allowed  to  lie  around.  After  the  reaction  mixture  is  transferred  to  the 
beaker,  the  mirror  on  the  flask  should  be  dissolved  with  concentrated 
nitric  acid  and  the  solution  discarded. 


CALCULATIONS 


(A  -Titration) xNKIx mol,  wt, 
2  x  Weight  of  sample  x  1000 


x  100  =  %  aldehyde 


where  A  is  the  milliliters  of  standard  potassium  iodide  necessary  to  react 
with  50  ml  of  standard  0.1  N  silver  nitrate. 

The  foregoing  procedure  has  the  disadvantage  of  being  applicable 
mainly  to  water-soluble  samples.  Some  water-insoluble  samples  can  be 
handled  by  shaking  the  reaction  mixture  vigorously  while  the  reaction  is 
proceeding.  Dioxane  and  methanol  were  tried  as  solvents  in  this  proce¬ 
dure,  but  even  in  the  ratio  of  1 : 1  with  water,  the  reaction  rate  was  very 
significantly  decreased.  Dioxane  also  has  the  disadvantage  of  containing 
enough  aldehyde  to  necessitate  a  large  blank  correction. 

Crotonaldehyde  can  be  determined  as  is  indicated  in  Tahi^  s 


Using  Silver- Amine  Complex-Method  of  J.  Mayes, 

[Anal.  Chem.,  36 ,  934  (1964)] 


E.  Kuchar,  and  S.  Siggia 


The  use  of  the  silver-  * 
reagent  hazards  and  sam 
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which  is  generally  applicable  only  to  water-soluble  aldehydes.  The  silver- 
amine  reagent  is  stable  even  after  half  a  month.  Also,  it  can  be  used  with 
organic  solvents,  and  it  provides  the  silver  ion  in  a  soluble  form  that  is 
more  advantageous  as  a  reagent  than  the  solid  silver  oxide. 

Of  the  several  amines  tried,  it  was  found  that  tertiary  amines  did  not 
apparently  complex  the  silver  ion,  since  solubilization  of  silver  oxide  did 
not  occur.  Secondary  amines  did  complex  the  silver,  but  the  silver  ion 
oxidized  the  amines  to  a  degree  that  was  undesirable.  Primary  amines 
were  quite  effective,  especially  in  the  Cx  to  C4  range.  Of  the  several 
primary  amines  tried,  tert-butylamine  and  isopropylamine  performed 
best;  fert-butylamine  performed  the  better  of  the  two. 

Ethyl  alcohol  is  used  in  this  method  as  a  solubilizing  agent  for  water- 
insoluble  aldehydes.  The  alcohol  is  very  slowly  oxidized  by  the  reagent, 
but  this  does  not  become  significant  until  the  mixtures  have  stood  for  over 
5  hours.  The  alcohol  is  not  mixed  with  the  reagent  until  the  sample  is 
introduced.  Methyl  alcohol  was  tried  as  a  cosolvent,  since  it  also  was  not 
too  readily  oxidized  by  the  silver  reagent. 

The  silver  concentration  of  the  reagent  was  found  operable  at  0.1  N  for 
many  aldehydes,  but  0.2 N  reagent  was  found  to  be  a  faster  oxidant  for 
the  more  stubborn  compounds. 

Table  6  summarizes  the  results  obtained  using  this  method  with  a  range 
of  aldehydes.  It  appears  to  be  usable  for  determinining  aldehydes  in 
carboxylic  acids  (Table  7)  and  in  ketones  (Table  8).  The  method  is  being 
checked  for  determining  aldehydes  in  acetals,  which  should  work,  since 
the  reagent  is  alkaline  and  should  not  hydrolyze  the  acetals;  however,  the 
proof  has  not  yet  been  obtained. 


reagents 


Silver  oxide,  Fisher  Scientific  Co. 

ferf-Butvlamine,  (CH3)3CNH2  Eastman  White  Label  grade. 

To  p„p„«  .  Tiler  ot  .pp^,  0.2N 
exactly  24.5  ±0.1  grams  of  silver  oxide  to  a  1 -liter  reagent  bot  e^Insena  st,  rj 
bar  and  add  500  ml  of  deionized  water.  Add  exactly  72.  ■ 

butylarnine,  stopper  the  bottle  and  stir  vigorously  witb  .  magnetic  sUrrerunU, 
the  silver  oxide  has  dissolved  (approximately  3  hours).  The  reagent  Pr  P 

5SH-.  i-  -  •<  «■»  1 “  V 

excess  of  tert -butylarnine  should  e  *v01  ®  *  1  liter  for  0.2N  or  to  2  liters  for 

After  filtration,  dilute  the  reagent  wi  w  for  arornatic  aldehydes.  The 

having  stood  for  2  weeks. 


Table  6.  Determination  of  Aldehydes 


Time,  min. 


Found 


Found,  Other 
Methods 


Aldehyde 

Reagent 

0.1  N  0.2/V 

0.1  N  Reagent 
Gram  % 

0.2 N  Reagent 
Gram  % 

Formaldehyde 

Filtered 

— 

0.1228 

36.1 

— 

— 

immediately 

— 

— 

— 

5 

— 

0.1228 

36.1 

— 

— 

10 

___ 

0.1228 

36.1 

— 

— 

10 

— 

0.0994 

36.0 

— 

— 

10 

— 

0.1301 

35.9 

— 

— 

10 

— 

0.1406 

36.2 

— 

— 

30 

— 

0.1228 

36.1 

— 

— 

n-Propionaldehyde 

30 

_ 

0.1186 

98.4 

— 

— 

30 

— 

0.0997 

95.4 

— 

— 

30 

— 

0.1020 

98.5 

— 

— 

n-Butyraldehyde 

10 

0.1071 

98.0 

10 

— 

0.1101 

96.7 

— 

— 

10 

— 

0.1065 

98.1 

— 

— 

30 

- 

0.1071 

98.0 

. 

_ 

60 

— 

0.1071 

98.1 

— 

— 

/f-Valeraldehyde 

30 

0.1389 

96.0 

_ 

45 

— 

0.1389 

96.2 

— 

_ 

60 

— 

0.1453 

95.6 

_ 

_ 

135 

— 

0.1406 

96.4 

— 

— 

Benzaldehyde 

20 

20 

0.1476 

89.4 

0.1476 

97.9 

60 

45 

0.1476 

95.6 

0.1476 

98.7 

135 

90 

0.1476 

95.6 

0.1476 

99.2 

180 

90 

0.1476 

97.1 

0.1619 

96.1 

— 

90 

— 

— 

0.1314 

99.0 

60 

130 

0.0874 

91.4 

0.1048 

93.4 

70 

— 

0.0963 

88.4 

_ 

120 

— 

0.0874 

95.3 

— 

— 

Crotonaldehyde 

65 

30 

0.0907 

88.0 

0.0907 

93.2 

— 

60 

— 

— 

0.0907 

97.9 

90 

— 

— 

0.0907 

99.4 

— 

90 

— 

— 

0.0976 

100.0 

120 

— 

— 

0.1024 

98.2 

p-Chlorobenzaldehyde 

— 

30 

_ 

____ 

0.1561 

97.5 

60 

— 

— 

0.1561 

97.2 

a  u..j * . 

120 

" 

— 

0.1561 

97.3 

Gram 


% 


1.7145 

1.7117 

1.3895 


1.0550 

0.9238 


i>  n  t  ujruiucnionae,  using  tne  reagent 

Bisulfite  method  of  Siggia  and  Maxcy  pp.  82-5. 


1.0642 

1.1029 

1.1680 


1.2989 
1 .4002 
1.4817 


1.7076 

1.5472 

1.5959 


1.2791 

1.0788 


0.9991 

1.0153 

0.9659 


2.1186 

2.0159 

3.5704 


36.3 

36.3 

36.3 


98.5 

98.2 

89.3 

87.6 

87.4 

97.5 
98.0 
97.9 


}° 


94 

92 


:!}* 


97.2 

97.4 

97.4 


99.3 
99.2 

99.4 


94.9 

94.5 


98.6 
98 
98 


!.6| 
.6  e 

•7j 


96.81 
97.4  c 
91.8) 


Table  7.  The  Determination  of  n-Butyraldehyde  in  the  Presence 
of  Glacial  Acetic  Acid,  Using  0.2 N  Reagent 

rt-Butyraldehyde,  wt.  % 


Added 

Reaction 

Time 

Found 

5.26 

30  min. 

5.23 

23.7 

45  min. 

23.0 

46.2 

45  min. 

46.0 

69.0 

45  min. 

68.8 

91.4 

45  min. 

91.8 
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Table  8.  Determination  of  n-Butyraldehyde  in  the  Presence  of 
Methyl  Ethyl  Ketone,  Using  0.1N  Reagent 


rt-Butyraldehyde,  wt.  % 


Methyl  Ethyl 
Ketone,  wt.  % 

Reaction 

Time 

Found 

Added 

94.2 

30  min. 

5.67° 

5.70 

128  min. 

5.89 

71.8 

30  min. 

27.2 

27.5 

1  hour 

27.3 

50.1 

30  min. 

48.6 

48.7 

110  min. 

49.1 

29.7 

30  min. 

69.0 

68.8 

95  min. 

69.1 

6.0 

30  min. 

91.6 

91.8 

87  min. 

92.3 

°  Sample  was  not  diluted. 


PROCEDURE 


Add  a  sample  containing  0.015  to  0.020  mole  of  aldehyde  to  a  100-ml 
volumetric  and  dilute  to  the  mark  with  2B  ethanol.  Add  a  10-ml  aliquot 
of  this  sample  to  a  250-ml  glass-stoppered,  Erlenmeyer  flask  containing 
50  ml  of  the  silver-amine  reagent.  Shake  the  mixture  for  a  few  minutes. 
The  formation  of  a  brown  turbidity  or  a  silver  mirror  is  a  sign  of  a 
positive  reaction.  Allow  the  solution  to  stand  for  the  desired  time  for  the 
particular  aldehyde  (see  Table  6)  with  occasional  shaking.  Then  filter  the 
reaction  mixture  through  a  sintered-glass  crucible  or  funnel  with  adequate 
washing  of  flask  and  funnel.  Acidify  the  filtrate  with  concentrated  nitric 
acid,  5  ml  when  the  0.1N  silver  reagent  is  used  and  10  ml  when  the  0.2N 
reagent  is  used.  To  the  mixture,  add  2  ml  of  the  ferric  indicator,  an 
titrate  the  excess  silver  ions  with  the  standard  potassium  thiocyanate  to  the 
oranee-brown  end  point.  Run  a  blank  on  the  reagent. 

If  the  samples  are  expected  to  contain  carboxylic  acids  in  amount 
greater  than  10%,  add  6 N  sodium  hydroxide  solution  to  the  0.2 N 
filver  amine  reagent  (10-ml  6 N  sodium  hydroxide  per  liter  silver  reag- 
Thi  should  not  be  done  routinely,  since  the  sodium  hydroxide 
SLKe reaction;  hence  the  reason  for  adding  the  sodium  hydroxide 
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CALCULATION 

(A-B)x  NKCNSxrnol.  wt.xioo  n/ 

Weight  of  sample  x  2000  o  a  e  y  e 


where 

A  =  milliliters  for  blank  titration 
B  =  milliliters  for  sample  titration 


RESULTS  AND  DISCUSSION 

The  saturated  aliphatic  amines  from  Q  to  C4  were  found  to  form 
soluble  complexes  with  silver  oxide  in  aqueous  solution.  It  was  estab¬ 
lished  that  the  availability  of  the  silver  oxide  as  an  oxidant  depended  on 
the  amine  that  formed  the  complex.  The  most  effective  primary  amines 
were  isopropylamine  and  tert-butylamine.  The  isopropylamine  complex 
does  not  appear  to  be  as  strong  an  oxidant  as  the  /ert-butylamine 

complex;  therefore  it  may  find  application  in  systems  where  the  stronger 
oxidant  might  not  be  workable. 

n7v£  01f  reagent  is  applicable  to  the  aliphatic  aldehydes;  however 
.  must  be  used  to  analyze  the  aromatic  aldehydes  because  the 
oxidation  proceeds  rather  slowly  with  the  0.17V  reagent  (Table  6) 

acetic  Shi  ^  aPIHed  t0  3  m'XtUre  °f  "-butyraldehyde  in  glacial 

50T  ofS,hrrCSSary  '°  USe  the  °-lN  reagent  and  a  ^mple  size  such  that 

50  /o  of  the  reagent  was  consumed  for  n-butvraldehvHP  L  ,u 

methyl  ethyl  ketone  The  Hat,  .Vet-  ,  .  ,  y  a|dehyde  in  the  presence  of 

oxidized  i he  STe stal,  "'<"C!"ed  ‘  ™~ntr„«d  ,e,ge„, 

»  *  5»-”' 

from  the  acetal.  absence  of  measurable  interference 

halogenated ^ganic  ^om^ounds?^6161106  ^  «  *>»  some 

some  d ifficul t? w^ expw’ie need6 with ' w ’  Td  %h°T  Tab'e  6‘  However 
low  results  were  obtained.  anisaldehyde  and  cinnamaldehyde; 
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Using  Silver  Oxide 

Silver  oxide  can  be  used  in  the  solid  state  to  oxidize  aldehydes  to  the 
corresponding  acids.  Since  the  reaction  is  a  two-phase  one,  the  analysis 
takes  longer  than  the  Tollen’s-type  methods  shown  previously. 


Method  of  H.  Siegel  and  F.  T.  Weiss 

[ Reprinted  in  Part  from  Anal.  Chem.,  26,  917-9  (1954)] 

The  procedure  of  Mitchell  and  Smith  (44),  involving  the  use  of  silver 
oxide  and  employing  acidimetric  determination,  gives  low  recovery  with 
formaldehyde  and  suffers  from  interference  if  acids  or  esters  are  present. 
The  use  of  a  column  packed  with  silver  oxide  for  the  determination  of 
aldehydes,  as  employed  by  Bailey  and  Knox  (45)  does  not  overcome  the 
interference  resulting  from  the  hydrolysis  of  esters.  In  the  experience  of 
Siegel  and  Weiss,  after  suitable  modification  the  argentimetric  method 
published  a  number  of  years  ago  by  Ponndorf  (46)  has  provided  a  safe, 
rapid,  and  reliable  method  for  the  determination  of  aldehydes. 

The  Ponndorf  method  involves  the  reaction  of  aldehyde  with  silver 
oxide,  formed  in  situ  by  addition  of  sodium  hydroxide  to  the  aqueous  or 
alcoholic  reaction  mixture  containing  dilute  silver  nitrate.  No  side 
reactions — such  as  the  Cannizzaro  reaction  or  aldol  condensation  are 
expected,  since  the  reaction  mixture  is  kept  dilute  with  respect  to  the 
sample  and  is  made  strongly  basic  only  in  the  last  stages  of  oxidation.  The 
unreduced  silver  ion  is  determined  in  the  filtered  reaction  mixture,  after 
acidification  to  redissolve  silver  oxide.  A  number  of  modifications  have 
been  introduced  in  Ponndorf’s  method  to  make  it  more  rapid  and 
convenient,  including  final  titration  with  thiocyanate  reagent  according  to 

Volhard. 


APPARATUS  AND  MATERIALS 

A  shaking  machine,  of  suitable  construction  to  accommodate  two  or  more  100 
or  250-ml  volumetric  flasks. 

A  water  bath,  maintained  at  60  ±2°C.  ,  reactive 

,43:"  r^s:  rMJs?— ■ - - 

oxide. 

44.  J.  Mitchell  Jr.,  and  D.  M.  Smith,  Anal.  Chem ,  22,  746  (1950). 

45.  H.  C.  Bailey  and  J.  H.  Knox,  J.  Chem.  Soc.,  1951,  .741. 

46.  W.  Ponndorf,  Ber.,  64,  1913  (1931). 
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PROCEDURE 

Pipet  25.0  ml  of  0.1  N  silver  nitrate  solution  into  a  100-ml  volumetric 
flask.  Add  a  quantity  of  sample  containing  approximately  0.5  mM  of 
aldehyde.  If  the  sample  is  volatile  or  the  carbonyl  content  is  high,  weigh 
the  required  amount  in  a  glass  ampoule.  If  the  sample  is  not  volatile  from 
water  or  alcohol,  the  sample  containing  5  mM  of  aldehyde  may  be 
dissolved  in  100  ml  of  water  or  alcohol  and  a  10-ml  aliquot  of  the 
solution  may  be  taken  for  analysis.  Add  5  ml  of  0.5 N  sodium  hydroxide 
solution  and  shake  the  mixture  on  a  shaking  machine  for  15  minutes.  At 
the  end  of  this  time,  add  2  ml  of  0.5 N  sodium  hydroxide  solution  and 
continue  the  shaking  for  10  minutes.  Add  10  ml  of  6N  sodium  hydroxide 
solution  and  repeat  the  shaking  for  the  same  period  of  time.  Acidify  the 
reaction  mixture  with  5  ml  of  18N  sulfuric  acid  solution.  After  allowing 
the  mixture  to  cool  to  room  temperature,  dilute  to  the  mark  with  distilled 
water.  Filter  the  mixture  through  a  dry  Whatman  No.  41  filter  paper  into 
a  400-ml  beaker.  Pipet  50.0  ml  of  the  filtrate  into  a  500-ml  glass- 
stoppered  Erlenmeyer  flask  and  add  4  ml  of  ferric  alum  indicator.  Titrate 
with  0.05N  thiocyanate  solution  until  the  end  point  is  approached,  as 
indicated  by  a  more  slowly  fading  red  color.  Stopper  the  flask,  shake 
vigorously  for  20  to  30  seconds,  and  continue  the  titration  until  1  drop 
produces  a  reddish  coloration  that  does  not  fade  upon  swirling  or  vigor¬ 
ous  shaking.  Carry  out  a  blank  determination  by  following  the  procedure 
as  described  but  omitting  the  sample. 


APPLICABILITY 

The  argentimetric  method  has  been  found  to  give  an  accuracy  of  ±2% 
with  a  number  of  pure  aldehydes  (see  Table  9).  High  values  were 
obtained  wuh  acrolein,  presumably  because  of  the  partial  oxidation  of  the 
olefimc  bond.  All  of  the  ketones  tested,  with  the  exceptions  of  cyclohex¬ 
anone  and  cyclopentanone,  showed  little  reactivity  under  the  conditions 
of  the  method  (Table  10).  Cyclohexanone  reacts  to  the  extent  of  2%  and 
cyclopentanone  to  the  extent  of  13%.  Aldehydes  in  the  presence  of 
ketones  have  been  determined  in  the  range  of  5  to  90  wt.%  to  within 

tenths  aldehyde. WaS  ^  det“tio"  *  few 

In  examining  the  method  for  possible  interfering  substances  esters 
carboxylic  acids,  and  monohydroxy,  alcohols  were  found  to  be  whS 

11'  fT"'?"  Society  for  Tes,in«  and  Materials,  D  11 54-5  IT. 

48.  J.  Mitchell  Jr.,  D.  M.  Smith,  and  W  M  D  Brvant  I  a  n 

•  vi.  u.  Bryant,  J.  Am.  Chem.  Soc .,  63,  573  (1941). 
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Table  9.  Determination  of  Aldehydes 


Aldehyde  Found,  wt.  % 


Aldehyde  Hydroxylamine 

Tested  Method 

Argentimetric 

Method 

Recovery® 

°/ 

/o 

Formaldehyde 

21  Ab 

27.0 

98.5 

27.0 

98.4 

Acetaldehyde 

95.5b 

94.2 

98.5 

94.2 

98.5 

94.2 

98.5 

Propionaldehyde 

94.4b 

94.2 

99.8 

94.2 

99.8 

93.6 

99.1 

rt-Butyraldehyde 

93. 5C 

95.2 

101.8 

94.9 

101.5 

Acrolein 

95. lb 

99.9 

104.9 

99.4 

104.4 

Benzaldehyde 

99. 3C 

99.2 

99.9 

97.7 

98.4 

Valeraldehyde 

87. 9C 

86.2 

98.9 

88.0 

100.1 

a  Ratio  of  results  by  argentimetric  method  to  hydroxylamine 


method. 

b  Aqueous  hydroxylamine  hydrochloride  method  (47). 
c  Fischer  reagent-carbonyl  method  (48). 


effect  (Table  11).  Polyhydroxyl  compounds  interfere,  but  this  interference 
can  generally  be  overcome  by  separating  the  aldehyde  from  the  glycol 
with  steam  distillation,  followed  by  determining  the  aldehyde  content  of 
the  distillate.  Acetals  interfere  to  the  extent  of  0.04  to  2.2%,  calculated 
as  acetaldehyde,  a -Epoxides  were  briefly  tested,  using  propylene  oxide  as 
a  representative  compound,  and  no  interference  was  observed. 


MERCURIMETRIC  OXIDATION 

The  oxidation  of  aldehydes  using  mercuric  ion  does  not  differ  markedly 
from  that  involving  silver  ion.  The  advantages  and  limitations  are  about 
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Table  10.  Determination  of  Aldehydes  in  Presence  of  Ketones  by  Argentipietric  Method 

Ketone  Aldehyde,  wt.  % 


Ketone  Present 

Aldehyde 

Present 

Added, 
wt.  % 

Added 

Found 

Acetone 

— 

100 

0.0 

<0.1a 

Acetaldehyde 

99.8 

0.2 

0.4 

99.7 

0.3 

0.4 

94.7 

5.3 

5.3,  5.2 

73.3 

26.7 

25.8,  25.6 

40.7 

59.3 

56.3,  54.7 

Propionaldehyde 

90.9 

9.1 

9.2,  9.2 

60.1 

39.9 

39.8,  40.2 

Methyl  ethyl  ketone 

— 

100 

0.0 

<0.2a 

Acetaldehyde 

99.7 

0.3 

0.8,  0.7,  0.6,  0.7 

Propionaldehyde 

87.0 

13.0 

13.4,  13.7 

65.5 

34.5 

34.5,  34.7 

9.3 

91.7 

91.2,  90.3 

Diethyl  ketone 

_ 

100 

0.0 

<0.2a 

Methyl  isobutyl  ketone 

— 

100 

0.0 

<0.2a 

Methyl  isopropyl  ketone  — 

100 

0.0 

<0.2a 

Methyl  n- amyl  ketone 

— 

100 

0.0 

<0.3a 

Diisobutyl  ketone 

— 

100 

0.0 

<0.3a 

Ethyl  H-butyl  ketone 

— 

100 

0.0 

<0.3a 

Cyclohexanone 

— 

100 

0.0 

1  a 

Cyclopentanone 

— 

100 

0.0 

13.a 

a  Calculated  as  aldehyde  isomeric  to  ketone  tested. 


same.  The  mercuric  oxidative  reagent  takes  the  form  of  Nessler’s  reagent  or  a 
modified  form  thereof.  6 


RCHO  +  K2HgI4  +  3KOH  ->  RCOOK  +  Hg°  +  4KI  +  2H20 


The  method  involves  iodimetric  determination 
round  in  the  reaction. 


of  the  metallic  mercury 


Study  of  J.  E.  Ruch  and  J.  B.  Johnson 

[Reprimed  m  Parl  Ruch  and  Johnson,  Anal.  Chem.,  28,  69-71  (1956)] 

dehydr^v'Tome83'0"5  Wh°  haV6  attemPted  ‘he  determination  of  al- 
ydes  by  some  mercur, metric  procedure  have  recommended  the 
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Table  11.  Determination  of  Aldehyde  in  Presence  of  Vari¬ 
ous  Substances  by  Argentimetric  Method 


Propionaldehyde, 
Substance  wt.  % 


Substance  Tested 

wt.  % 

Added 

Found 

Methyl  alcohol 

99.7 

0.28 

0.27 

Ethyl  alcohol 

99.7 

0.28 

0.27 

Isopropyl  alcohol 

99.7 

0.28 

0.25 

99.5 

0.56 

0.55 

Ethylene  glycol 

100.0 

0.0 

0.2 

97.7 

2.3 

4.2 

99.2 

0.77 

>3 

Triethylene  glycol 

99.8 

0.23 

0.26 

Mannitol 

100.0 

0.0 

>22 

100.0 

0.0 

<0.1a 

89.8 

10.2 

9.4a 

Formic  acid 

33.0 

67.1 

66.2 

Acetic  acid 

97.9 

2.1 

1.9 

Propionic  acid 

97.8 

2.2 

1.8 

Lactic  acid 

97.5 

2.5 

2.5 

«-Caprylic  acid 

97.6 

2.4 

2.3 

Ethyl  acetate 

97.6 

2.4 

2.3 

Diallyl  phthalate 

97.8 

2.2 

2.1 

Benzyl  benzoate 

98.1 

1.9 

1.8 

Diallyl  maleate 

97.8 

2.2 

3.0 

Methyl  benzoate 

98.0 

2.0 

1.9 

Methylal 

100 

0.0 

0.04b 

/7-Propylal 

100 

0.0 

0.2b 

64.3 

35. 7C 

36.2 

Dimethyl  acetal 

100 

0.0 

1.1* 

68.2 

31. 8C 

32.3 

Diethyl  acetal 

100 

0.0 

2.05 

70.4 

29. 6C 

30.2 

Di-«-butyl  acetal 

100 

0.0 

0.46 

72.3 

27. 7C 

28.6 

Propylene  oxide 

88.4 

11. 6d 

11.9 

88.8 

\\.2d 

1 1.4 

a  Results  obtained  by  steam  distillation  of  alde- 


hyde.  o/ 

b  Results  calculated  as  acetaldehyde,  wt.  %. 
c  Acetaldehyde  substituted  for  propionaldehyde. 
d  Acrolein  substituted  for  propionaldehyde. 
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method  primarily  for  the  estimation  of  formaldehyde  (49-51).  In  addi¬ 
tion,  Bougault  and  Gros  (52)  have  reported  the  determination  of  furfural, 
benzaldehyde,  and  piperonal,  and  Goswami,  Das-Gupta,  and  Ray  (53), 
Goswami  and  Das-Purkaystha  (54),  and  Goswami  and  Shaha  (55)  have 
estimated  sugars  with  various  degrees  of  success  using  empirical  factors. 

These  investigators  all  employed  an  alkaline  solution  of  potassium 
mercuric  iodide,  K2HgI4,  as  an  oxidizing  agent.  In  the  reaction,  aldehyde 
is  oxidized  to  the  corresponding  acid  whereas  mercuric  ion  is  reduced  to 
free  mercury.  Both  isolation  and  nonisolation  methods  have  been  pro¬ 
posed  for  the  determination  of  the  free  mercury.  In  the  opinion  of  Ruch 
and  Johnson  it  is  best  to  acidify  the  reaction  mixture  and  react  the  free 
mercury  with  a  measured  excess  of  iodine.  The  amount  of  iodine  con¬ 
sumed  is  a  stoichiometric  function  of  the  free  mercury  which,  in  turn,  is  a 
measure  of  the  aldehyde  originally  present.  Agar  is  employed  as  a 
protective  colloid  to  maintain  the  free  mercury  in  a  finely  divided  state, 
thus  promoting  its  reaction  with  iodine. 

The  name  “mercural  reagent”  has  been  coined  to  differentiate  the 
reagent  from  other  potassium  mercuric  iodide  preparations  such  as  Nes- 
sler’s  reagent.  ‘"Mercural”  signifies  a  mercuric  oxidation  of  aldehydes. 


REAGENTS 


mercural  reagent.  To  1830  ml  of  distilled  water  contained  in  a  1 -gallon  jug, 
add  150  grams  of  reagent  grade  potassium  chloride,  240  grams  of  U.S.  Phar¬ 
macopeia  grade  mercuric  chloride  (mercury  bichloride),  642  grams  of  reagent 
grade  potassium  iodide,  and  1000  ml  of  an  aqueous  40%  by  weight  potassium 
hydroxide  solution.  Shake  the  contents  after  each  addition  to  ensure  complete 
so  ution.  This  reagent  is  stable  and  does  not  deteriorate  on  standing.  The  slight 
amount  of  yellow  or  brown  precipitate  that  may  form  is  assumed  to  be  due  to 

ammonium  ion  in  the  reagents;  however  it  is  not  detrimental  to  the  effectiveness 
or  ine  reagent. 

agar  solution,  0.1%.  Add  3.0  grams  of  Difco  Bacto-Agar  to  300 mi  of 
01  ing  'stilled  water.  Continue  heating  with  occasional  swirling  until  the  solid 
has  dissolved  and  the  resulting  solution  is  essentially  clear.  Coofand  dilute  to  3 

50  f  Rni|AITTder  3nd  E'  J'  Underhil1-  1  Ar»-  Chem.  Soc.,  71,  4014-19  (19491 

51  Ml  c  •  ’  J'  Jean’  and  T'  julllg’  Mem'  Serv'ces  Chim.  Etat  (Paris)  34  317  70  M  oust 

51.  W.  Stuve,  Arch.  Pharm.  244,  540  (1906).  ’  17-20  <1948)- 

52.  h  Bougault  and  R.  Gros,  J.  Pharm.  Chim.  26,  5-11  (1922) 

M.  Goswami,  H.  N.  Das-Gunta  anH  v  i  d  r 

(1935)  ’  •  L.  Ray,  J.  Indian  Chem.  Soc.,  12,  714-18 

54.  M.  Goswami  and  B.  C.  Das-Purkaystha,  Ibid.,  13.  315-22  (19361 

55.  M.  Goswam,  and  A.  Shaha,  Ibid.,  14,  208-13  (1937).  6>' 
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liters  with  additional  distilled  water.  Add  0.1  gram  of  mercuric  iodide  as  a 
preservative,  and  shake  vigorously  for  a  few  seconds. 

Acetic  acid,  analytical  grade. 

Iodine,  approximately  0.1N. 

Starch  indicator,  1.0%  solution. 

Standard  0.1N  sodium  thiosulfate. 

Methanol,  commercial  grade.  Carbide  and  Carbon  Chemicals  Co. 


SAMPLING 

Unless  direct  sample  addition  is  specified,  introduce  the  sample  into  a 
tared  50-ml  volumetric  flask  containing  30  ml  of  the  required  solvent 
(methanol  that  has  been  neutralized  to  bromothymol  blue  indicator,  or 
distilled  water)  using  a  hypodermic  syringe  fitted  with  a  3-in.  needle  and 
chilled  if  necessary  to  facilitate  transfer.  Stopper  the  flask  and  swirl  to 
effect  solution.  An  acetaldehyde  dilution  must  be  allowed  to  stand  for 
approximately  15  minutes,  with  occasional  venting  to  the  atmosphere  to 
reach  equilibrium  before  recording  the  gross  weight.  The  gross  weight  of 
dilutions  of  other  aldehydes  may  be  determined  immediately.  Dilute  to 
the  mark  with  additional  solvent  and  mix  thoroughly.  A  5-ml  aliquot  of 
this  dilution  should  contain  not  more  than  3.0  meq.  of  aldehyde.  Fill  the 
pipet  by  pressure  to  avoid  loss  of  aldehyde. 

If  the  sample  is  weighed  directly  into  the  reagent,  care  must  be 
exercised  to  shake  the  flask  vigorously  at  once,  to  intimately  mix  the 
contents  and  prevent  localized  side  reactions. 


procedure 

The  determination  is  best  performed  in  500-ml,  Erlenmeyer  glass- 
stoppered  flasks  that  are  fitted  with  24/40  ground-glass  joints.  Prepare 
sample  and  blank  flasks  by  adding  50  ml  of  mercural  reagent  to  each. 
Consult  Table  12  for  the  proper  reaction  temperature  and,  if  necessary, 
cool  each  of  the  flasks  in  a  wet  ice  bath  for  10  minutes.  With  constant 
swirling  during  the  addition,  introduce  an  amount  of  sample  containing 
not  more  than  3.0  meq.  of  aldehyde  using  the  procedure  specified  in 
Table  12.  If  a  dilution  is  used,  add  a  similar  amount  of  solvent  to  the 
blank  Allow  the  flasks  to  stand  together  at  the  temperature  and  for  e 
length  of  time  specified  in  Table  12.  Add  50  ml  of  agar  solution  to  each 

»«k  -  swirl  vigorously 

33L 5SS .5S»r«i.  acetaldehyde,  allow 
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Table  12.  Sampling  Procedure  and  Reaction  Conditions  for 
Determination  of  Aldehydes  by  Mercural  Procedure 


Maximum  Sample 

Size  for  Pure  Reaction  Time, 
Compound  Material,  grams'1  min.6 


Acetaldehyde 

0.66 

5  to  60 

Acetaldol 

1.3 

5  to  60" 

Acrolein 

0.84c 

180  to  240d 

Benzaldehyde 

1.6C 

15  to  60d 

Butyraldehyde 

1.1 

30  to  60 

2-Ethylbutyraldehyde 

0.15" 

15  to  60' 

Formaldehyde 

0.45 

1  to  60 

Glutaraldehyde 

0.75 

15  to  60 

Hexaldehyde 

0.15" 

30  to  60/ 

Isobutyraldehyde 

l.lc 

5  to  60d 

Methacrolein 

0.90c 

15  to  60d 

Propionaldehyde 

0.87 

15  to  60 

a  Use  distilled  water  as  a  solvent  in  the  sample  dilution 
unless  otherwise  specified. 

b  Minutes  at  room  temperature  unless  otherwise  speci¬ 
fied. 

Use  methanol,  which  has  been  neutralized  to  bro- 
mothymol  blue  indicator,  as  the  dilution  solvent. 
d  Minutes  in  a  wet-ice  bath  (0  to  3°C). 
p  Add  the  sample  directly  to  the  sample  flask,  stopper, 
and  immediately  shake  the  contents  vigorously  by  hand 
for  1  minute  prior  to  the  mechanical  shaking. 
f  Minutes  on  a  mechanical  shaker. 


the  flasks  to  stand  at  room  temperature  for  approximately  15  minutes 
before  proceeding  The  standing  period  is  not  required  for  samples  of 

ea^fla  k  y  ^  50  ml  °f  Woximately  0.1N  iodine  into 

vigorously  until8  !nT*  ‘°  fi"  ““  PipCt'  St°pper  each  flask  ^nd  shake 
neceslrv  o  gray  mercury  precipitate  goes  into  solution.  If 

“  'a  y’  place  on  a  mechanical  shaker  for  5  minutes.  Carefully  remove 
inside  wXofThe  iTk^K  ^  int°  the  flask’  and  rinse  down  ‘he 

whfle  swirling  constantly.  From  the 
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titrations  the  percentage  of  aldehyde  present  in  the  sample  can  be 
calculated;  one  aldehyde  group  consumes  two  equivalents  of  iodine: 

— CH0=Hg°=I2=2S203“ 

Hence  for  monoaldehydes  the  equivalent  weight  is  one-half  the  molecular 
weight. 


DISCUSSION 


The  reagent  originally  investigated  was  of  the  composition  usually 
specified  as  Nessler’s  reagent,  although,  generally  speaking,  no  two  au¬ 
thors  use  the  same  formulation.  However,  it  was  found  at  this  point  that 
Nessler’s  reagent  would  not  quantitatively  oxidize  most  aldehydes. 

A  study  of  the  reagent  was  therefore  initiated  to  determine  its  optimum 
composition.  Experiments  were  conducted  to  determine  the  effect  of  the 
following  variables:  concentration  of  potassium  mercuric  iodide  complex, 
concentration  of  potassium  hydroxide,  and  ratio  of  potassium  iodide  to 
mercuric  chloride.  In  each  case  a  sample  of  acetaldehyde  was  reacted  for 
1  hour  at  room  temperature  with  approximately  50  ml  (70  grams)  of 
reagent.  Results  showed  10  to  20%  by  weight  of  the  potassium  mercuric 
iodide  complex  in  solution  gave  quantitative  results.  Likewise,  a  potas¬ 
sium  hydroxide  content  of  10  to  20%  by  weight  afforded  a  quantitative 
oxidation  of  acetaldehyde.  Higher  percentages  of  either  component 
caused  solubility  difficulties,  whereas  lesser  amounts  resulted  in  incom¬ 
plete  reaction.  Variation  of  the  potassium  iodide-mercuric  chloride  ratio 
indicates  that  best  results  were  obtained  when  the  ratio  of  iodide  to 
mercuric  ions  was  slightly  higher  than  the  4: 1  of  the  potassium  mercuric 
iodide  complex.  Any  ratio  less  than  4:1  tended  to  produce  an 
undesirable  precipitate  of  mercuric  iodide,  whereas  a  rat‘°  .slg"’fi“"t'y 
higher  than  5 : 1  not  only  gave  low  results,  but  also  impaired  the  effec 
S  of  the  agar  used  as  a  protective  colloid,  yielding  a  mercury 

orecioitate  that  was  less  reactive  with  iodine. 

On  the  basis  of  these  experiments  a  reagent  was  formulated  to  contam 

in  .he  form  of  .,neo«s  dilution,  and  o.id.zed 
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room  temperature.  As  a  mutual  solvent  for  higher  molecular  weight 
aldehydes,  methanol  has  proved  satisfactory.  Its  exact  use  depends  on  the 
particular  aldehyde,  but  the  usual  procedure  is  to  employ  neutralized 
methanol  as  a  dilution  solvent  and  conduct  the  reaction  at  the  tempera¬ 
ture  of  a  wet  ice  bath  (0-3°C)  to  prevent  any  oxidation  of  the  methanol. 
In  some  instances  direct  addition  of  sample  to  reagent,  accompanied  by 
shaking,  is  the  best  procedure.  Table  12  gives  the  most  suitable  methods 
of  sampling,  reaction  conditions,  and  sample  size  for  a  number  of  al¬ 
dehydes  for  which  this  procedure  has  been  found  satisfactory. 


RESULTS 

Comparable  data  on  the  purity  of  a  number  of  aldehydes  were  obtained 
by  the  mercural  procedure  and  a  hydroxylamine  hydrochloride- 
triethanolamine  method  (56).  The  average  result,  the  precision  attained, 
and  the  number  of  determinations  for  each  sample  are  given  in  Table  13.  * 
The  standard  deviation  for  the  determination  of  acetaldehyde  using 


Table  13.  Purity  Determinations  on  Aldehydes  by  Mercural  and  Hydroxylamine 

Procedures 


Compound 

Acetaldehyde 
Acetaldol 
Acrolein 
Benzaldehyde 
Butyraldehyde 
2-Ethylbutyraldehyde 
Formaldehyde 
Glutaraldehyde 
Hexaldehyde 
Isobutyraldehyde 
Methacrolein 
Propionaldehyde 


Purity  by 
Mercural 
Procedure®,  % 

98.9  ±  0.3(5) 

101.5  ±  0.2(2) 

98.8  ±  0.3(5) 

95.3  ±  0.2(8) 
98.0  ±  0.5(11) 

96.5  ±  0.3(3) 

35.9  ±  0.1  (6) 

26.3  ±  0.05  (4) 

95.4  ±  0.2(4) 

97.7  ±  0.3  (9) 

90.7  ±  0.1  (3) 
97.1  ±  0.0(4) 


Purity  by 
Hydroxylamine 
Procedure6,  % 

98.9  ±  0.3  (4) 
101.6  ±  0.3(3) 

99.0  ±  0.0(2) 

95.3  ±  0.2(5) 

97.7  ±  0.5(7) 

96.9  ±  0.1  (2) 

35.7  ±  0.1  (2) 

94.7  ±  0.3(2) 

97.4  ±  0.1  (2) 
90.6  ±  0.1  (2) 

96.8  ±  0.4(5) 


Figures  in  parentheses  represent  number  of  determine- 

*  ^ydroxy'am>ne  hydrochloride-triethanoiamLe  (5™ 

56.  Carbide  and  Carbon  Chemicals  Co.,  South  Charleston  W  Va 

’  *a-’  unPubhshed  method. 
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aqueous  dilutions  was  0.39%  for  13  degrees  of  freedom  on  a  sample 
whose  average  purity  was  97.5%.  The  sampling  error  was  not  significant. 

The  procedure  has  been  modified  and  found  suitable  for  the  determina¬ 
tion  of  trace  amounts  of  aldehydes  in  organic  compounds.  For  example, 
determinations  of  acetaldehyde  in  ethylene  oxide  and  propionaldehyde  in 
propylene  oxide  have  been  performed  successfully. 


INTERFERENCE  STUDIES 


Many  organic  compounds  do  not  interfere  with  this  procedure,  permit¬ 
ting  the  determination  of  aldehyde  in  the  presence  of  most  acids,  ketones, 
esters,  acetals,  ethers,  alcohols,  epoxides,  and  organic  chlorides. 

Oxidation  studies  were  conducted  on  methanol,  ethyl  alcohol,  isopropyl 
alcohol,  and  butyl  alcohol,  both  at  room  temperature  and  at  the  wet  ice 
bath  temperature.  Methanol  is  slowly  attacked  by  the  reagent  at  room 
temperature,  but  is  completely  resistant  to  oxidation  at  0  to  3°C  and  is, 
therefore,  a  preferred  nonaqueous  solvent  for  some  aldehydes,  as  indi¬ 
cated  in  Table  12.  Isopropyl  alcohol  is  the  worst  offender,  not  only 
because  it  is  oxidized  even  at  0  to  3°C,  but  also  because  its  oxidation 
product,  acetone,  complexes  the  mercuric  ion.  Ethyl  and  butyl  alcohols 
are  only  slightly  oxidized  at  0  to  3°C.  Studies  indicate  that  the  oxidation 
of  alcohols  by  mercural  reagent  follows  the  mass  action  law,  enabling  one 
to  compensate  for  this  deleterious  reaction  by  using  a  reagent  diluted 
50/50  with  distilled  water,  adding  a  similar  amount  of  alcohol  to  the 
blank  and  performing  the  oxidation  in  a  wet  ice  bath,  allowing  a  suitably 
longer  reaction  time  to  offset  the  dilution  of  reagent  and  reduction  in 
temperature.  Errors  introduced  by  this  procedure  are  not  serious  when 
alcoholic  samples  containing  only  a  few  per  cent  aldehyde  are  invo  ve 
Samples  containing  esters  require  the  same  conditions  because  they  are 
saponified  to  alcohols  by  the  potassium  hydroxide  in  the  reagent 

Some  vinyl  compounds  are  known  to  interfere  with  this  procedure  by 
adding  iodine,  thus  yielding  a  high  result.  This  method  has  been  foun 
aoDlicable  to  the  determination  of  acrolein  (acrylaldehyde)  and  metha- 
crolein  (methacrylaldehyde)  (see  Table  12),  whereas  crotonaldehyde  has 
been 'a  nahraecf  wit h  an  accuracy  of  within  ±2%.  However,  no  satisfactory 

and  2-',hh>'ld^Pro7VJriVdehydrrnrTn7 
— ^ £  22-  (o-  --«e. 
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Acetone  reacts  with  mercuric  ion  in  the  following  manner  (57): 


Hg++  +  2CH3 — C — CH3  ^  Hg(CH3 — C=CH2)2  +  2H+ 

II  I 

o  o 


In  the  presence  of  the  alkaline  reagent  and  excess  mercuric  ions,  this 
equilibrium  reaction  is  displaced  to  the  right,  depositing  the  mercuric 
ion-acetone  complex  as  a  yellow  solid.  On  acidification  the  reaction  is 
reversed,  proceeding  to  the  left.  This  reversal  must  be  complete,  as 
indicated  by  the  absence  of  the  yellow  precipitate,  or  else  iodine  is 
consumed. 

Lower  temperatures  induce  precipitation  or  even  Testification  of  the 
mercuric  ion-acetone  complex,  hence  greater  solubility  difficulties  are 
experienced  at  0  to  3°C  than  at  room  temperature. 

To  illustrate  the  effect  of  the  presence  of  acetone,  a  series  of  blank 

determinations  was  made  as  specified  in  the  method,  using  reaction 

conditions  of  30  minutes  at  0  to  3°C.  From  0  to  3.0  grams  of  acetone  was 

added  to  each  flask.  With  the  addition  of  up  to  0.3  gram  of  acetone,  a 

yellow  precipitate  was  formed  that  easily  dissolved  on  acidification.  More 

then  0.3  gram  of  acetone  caused  deposition  of  a  resin  requiring  additional 

potassium  iodide  to  effect  solution.  Hence  the  acetone  tolerance  of  this 

method  is  approximately  0.3  gram  for  determinations  performed  in  a  wet 
ice  bath. 


Because  a  portion  of  the  mercuric  ion  contained  in  50  ml  of  reagent  is 
compjexed  by  0.3  gram  of  acetone,  it  was  then  necessary  to  prove  that  a 
sufficient  amount  of  reagent  was  still  available  for  the  quantitative  deter¬ 
mination  of  aldehyde.  Results  on  the  determination  of  propionaldehyde 
in  e  presence  of  0.3  gram  of  acetone  show  that  quantitative  oxidation  is 

Len  6Ven  WHen  thC  maximum  samP'e  size  of  propionaldehyde  is 


Methyl  ethyl  ketone  complexes  mercuric  ion  to  a  much  smaller  decree 

pr".S!“eJ,  m"hy'  “|,'OWl  kel”'  "d  “V  toone" „e 

Hydroxy  taones  constitute  a  positive  interference,  as  do  other  easilv 
xidized  substances  or  anything  that  consumes  iodine  Converselv  oy.VT  V 

57.  J.  B.  Fernandez,  L.  T  Snider  and  c  n 

mder,  and  E.  G.  Rietz,  Anal.  Chem.  23,  899-900  (1951). 
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in  the  reagent,  whereas  no  more  than  one-half  of  the  mercuric  ion 
content  should  be  reduced  and/or  complexed. 


HYPOIODITE  OXIDATION 

Hypoiodite  has  been  used  to  determine  methyl  carbonyl  compounds 

O 

(RCCH3;  where  R  can  be  H)  (58-61).  The  method  has  a  very  narrow 
range  of  applicability,  however,  and  is  included  in  this  text  mainly  for 
completeness.  The  main  problem  is  one  of  interferences;  hypoiodite  is  an 
oxidizing  agent  strong  enough  to  oxidize  many  noncarbonyl  compounds. 


Romijn  Procedure  for  Formaldehyde  (61) 

Measure  the  sample,  containing  up  to  0.16  gram  of  formaldehyde,  into 
an  iodine  flask.  Add  sufficient  distilled  water  to  make  the  volume  about 
100  ml.  Then  introduce  30  ml  of  3 N  sodium  or  potassium  hydroxide, 
followed  by  75  ml  of  0.2 N  iodine  solution.  Stopper  the  flask  and  allow  to 
stand  at  room  temperature  for  30  minutes.  Add  about  a  5 -ml  excess  (ca. 
95  ml)  of  1 N  sulfuric  acid  and  titrate  the  liberated  iodine  immediately 
with  0.1N  sodium  thiosulfate,  using  starch  as  an  indicator.  Run  at  least 
one  blank  with  each  set  of  samples. 


CALCULATION 

Net  milliliters  x  _/V(Na2S203)  *1-50  _  o </o  pjCHO 
Weight  of  sample 


Messinger  Procedure  for  Acetone  (61) 

Measure  the  sample,  containing  up  to  2  mM  of  '"‘^enpIpTt 

flask.  Add  sufficient  water  to  make  the  volume  about  400  ml.  Then  p  p 

58.  G.  Romijn,  Z.  Anal.  Chem.  36,  18-24  (1897). 

59.  J.  Messinger,  Ber.,  21,  3366-7s  (1888). 

60.  C.  O.  Haughton Ind.  Ehg.  Wile>,  n.eiience  PubHshe.,  New 

61.  J.  Mitchell  et  al.  Organic  Analysis  Vol.  I,  pp.  40/  v  vvi.cy 

York,  1953,  reprinted  with  permission. 
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50  ml  of  IN  sodium  hydroxide  into  the  solution  and  allow  the 
homogenized  mixture  to  stand  at  room  temperature  for  5  minutes.  At  the 
end  of  this  time,  slowly  add  50  ml  of  0.2 N  iodine  solution.  During  the 
addition,  shake  the  flask  constantly  with  a  swirling  motion.  Allow  the 
mixture  to  stand  for  10  minutes  at  room  temperature.  Then  add  51  ml  of 
IN  sulfuric  acid,  that  is,  required  amount  plus  1  ml,  and  titrate  the  excess 
iodine  immediately  with  0.1N  sodium  thiosulfate  to  the  starch  end  point. 
Run  a  blank  with  each  set  of  samples. 


CALCULATION 


Net  milliliters  x  N(Na2S203)  x  0.967 
Weight  of  sample 


=  %  acetone 


HYPOBROMITE  OXIDATION 

Adapted  from  the  Method  of  M.  H.  Hashmi  and  A.  A.  Ayaz 

[Anal.  Chem.,  36 ,  384  (1964)] 

Methyl  ketones  and  acetaldehyde  can  be  titrated  directly  with  a  stan¬ 
dard  hypobromite  solution  to  a  Bordeaux  indicator  end  point.  Because 
the  titration  procedure  prevents  excess  hypobromite,  complications  re¬ 
sulting  from  the  formation  of  halogenated  organic  acids  and  tetrahalo 
compounds,  which  are  often  noted  with  other  haloform  procedures  are 
eliminated.  The  method  is  especially  suitable  for  low  concentrations’. 


REAGENTS 


in°4nUml  "YP°BROM,TE  reagent  (62).  Dissolve  16  grams  of  sodium  hydroxide 

cence  produced  bv  earh  Hmn  *•  . ,  .  naicated  by  the  free  efferves- 

iodine,  using  starch  as  the  indicator^The  ^  't™te  SOlutlon  with  standard 

if  stored  in  an  amber  bo.d^  but  7kem  reaS°nab'y  S*ab'e  f°r  2  weeks 

ized.  ’  bUt  'f  kept  that  “me  it  should  be  restandard- 

Bordeaux  indicator,  0.2%  aqueous  solution. 

63.  m!  H.  Hashml'atlA1  C\T’  ^  988  <1962)' 

*  ’  Ayaz’  Anal •  Chem.,  35,  908  (1963). 
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PROCEDURE 

Add  3  ml  of  3  N  sodium  hydroxide  followed  by  2  ml  of  water  to  a 
known  volume  (2  ml)  of  ketone  or  acetaldehyde  solution.  Titrate  with 
standard  hypobromite  solution  with  3  drops  of  Bordeaux  solution  as  an 
internal  indicator.  The  end  point  indication  is  a  change  of  the  light  pink 
color  to  colorless  or  to  a  faint  yellow. 

RESULTS  AND  DISCUSSION 

Only  hypobromite  or  bromite  acts  on  ketones  and  acetaldehyde;  bro- 
mate  does  not. 

CH3COR  +  3NaOBr^  CHBr3  +  RCOONa  +  2NaOH 
2NaOBr^  NaBr02  +  NaBr 

2CH3COR  +  3NaBr02  +  3NaBr-+  2CHBr3  +  2RCOONa  +  4NaOH 
CH3COR  +  NaBr03-^  no  reaction 

For  all  calculations,  then,  the  combined  strength  of  hypobromite  and 
bromite  ions  in  the  reagent  solution  is  used,  and  calculations  are  made  on 
the  assumption  that  3  moles  of  bromine  is  used  per  mole  of  the  carbonyl 

compound.  Table  14  presents  typical  results. 

Large  quantities  of  alcohol  interfere,  but  when  the  alcohol-carbonyl 
compound  ratio  is  2: 1,  the  interference  is  practically  negligible.  Organic 
compounds  that  normally  respond  to  the  haloform  reaction  will  interfere. 
Low  results  were  obtained  when  the  method  was  tried  for  propional- 
dehyde  and  butyraldehyde. 


SchifT  Base  Formation 

Carbonyl  compounds  react  with  primary  amines  to  form  the  corre 
sponding  imino  compound  or  Schiff  base. 


O 

RCRX  +  R2NH2 


R 

C=NR2  +  H20 

Ri 


(R  and,  or  Rx  can  be  H) 

T„e  formation  o,  ^ 

£ X  man/plopfa  to  be  be.au*  i,  i.  rapid,  and  .he 
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Table  14.  Determination  of  Ketones  and  Acetaldehyde  by  Hypobromite  Titra¬ 
tion 


Ketone  or  Acetaldehyde 


Carbonyl 

Compound 

Present, 

mole/liter 

Found 

mole/liter 

Difference, 

% 

Ethyl  methyl  ketone 

0.10738 

0.10692 

-0.43 

0.05370 

0.05320 

-0.93 

0.02685 

0.02714 

+  1.08 

Methyl  n  -propyl  ketone 

0.10000 

0.09910 

-0.90 

0.08000 

0.07990 

-0.12 

0.04000 

0.04038 

+0.95 

Methyl  isopropyl  ketone 

0.05440 

0.05428 

-0.22 

0.03260 

0.03250 

-0.30 

0.02176 

0.02168 

-0.36 

Methyl  n -butyl  ketone 

0.01732 

0.01748 

+0.92 

0.01385 

0.01375 

-0.72 

0.01154 

0.01144 

-0.86 

Methyl  isobutyl  ketone 

0.06950 

0.06900 

-0.72 

0.05210 

0.05130 

-1.50 

0.04170 

0.04150 

-0.48 

Methyl  tert-butyl  ketone 

0.01578 

0.01568 

-0.70 

0.01052 

0.01032 

-1.90 

0.00789 

0.00794 

+0.63 

Acetaldehyde 

0.04300 

0.04270 

-0.70 

0.03640 

0.03616 

-0.66 

0.02600 

0.02562 

-1.40 

excess  of  amine  used  should  be  easily  determined.  It  has  been  found 
however,  that  several  problems  arise  when  this  reaction  is  tried  to  deter- 
mme  aldehydes,  and  these  problems  could  account  for  the  little  that  has 
been  published.  These  obstacles  have  been  overcome  to  some  degree  and 
it  has  been  found  that  the  reaction  can  be  applied  to  determfne  some 
a  dehydes  with  a  good  degree  of  accuracy  and  precision.  The  method  is 
also  fast  and  is  not  involved.  The  method  has  some  other  attributes-  k  is 

.zs sr:“s.:ch“  in, ,he 

n,L"  :r„  ™:hr  ^ 

ccesstully  earlier.  A  nonaqueous  system  had  to  be  used  to 
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make  the  reaction  proceed  far  enough  toward  completion  to  be  usable. 
The  only  water  present  is  that  formed  in  the  reaction.  It  was  also  noted 
that  the  Schiff  bases  formed  deteriorate  with  strong  acids,  and  one  would 
titrate  the  original  amount  of  amine  put  in  the  system  if  mineral  acids 
were  used  for  the  titration  of  the  excess  amine.  It  is  for  this  reason  that 
salicylic  acid  is  used  in  the  procedure  of  Siggia  and  Segal  described  below 
to  titrate  the  excess  amine.  Salicyclic  acid  has  a  dissociation  constant  of 
1  x  10-3  (in  water)  and  is  strong  enough  to  effect  a  good  titration  of  the 
excess  amine  without  causing  the  Schiff  base  to  hydrolyze  back  to  the  free 
amine  and  aldehyde.  (This  behavior  could  be  looked  on  as  connected  with 
the  equilibrium  present  in  the  reaction.  The  strong  acids  tie  up  the  free 
amine  very  effectively,  causing  the  equilibrium  to  be  shifted  to  the  left, 
whereas  the  salicyclic  acid  does  not  bind  the  amine  strongly  enough  to 
cause  the  reaction  to  reverse  itself.)  The  Schiff  base  itself  is  a  much 
weaker  base  than  the  original  amine,  so  that  it  causes  no  trouble  in  the 
titration. 

Only  aliphatic  amines  are  usable  with  this  method,  since  we  are 
titrating  with  a  relatively  weaker  acid  than  that  normally  used.  Aromatic 
amines  are  too  weak  to  be  titrated  effectively  with  salicylic  acid.  Lauryl 
amine,  the  amine  used  in  the  procedure  described  below,  was  finally 
chosen  because  of  its  high  boiling  point  and  its  availability.  Butyl  amine 
was  the  first  amine  tried,  and  it  worked  satisfactorily  except  that,  owing  to 
loss  of  butyl  amine  from  the  reagent  through  evaporation,  repeated 
standardization  was  necessary. 

From  the  titration  curves  obtained  (see  Fig.  2.6),  it  is  evident  that 


Fig.  2.6 
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ketones  undergo  a  reaction  with  the  aliphatic  amines  to  the  corresponding 
Schiflf  base,  but  the  equilibrium  is  in  favor  of  the  free  amine  and  ketone. 
The  titration  curves  obtained  in  these  cases  are  flattened,  indicating  free 
amine  being  liberated  as  the  excess  is  titrated.  In  some  ketones,  the  break 
in  the  curve  is  completely  obscured.  Methyl  ketones  (acetone,  methyl 
ethyl  ketone,  etc.)  and  cyclohexanone  are  in  the  latter  category.  With 
diethyl  ketone,  however,  a  distinct  break  is  visible  in  the  curve  for  the 
total  amount  of  amine  introduced.  With  ketones  present  in  the  aldehydes, 
the  same  holds  true;  methyl  ketones  and  cyclohexanone  will  obliterate 
the  end  point  through  their  weak  tieing  up  of  amine,  but  the  higher 
ketones  do  not  affect  the  final  results  for  the  aldehyde,  although  they  do 
diminish  the  intensity  of  the  break.  If  a  small  amount  of  aldehyde  is 
present  in  a  large  amount  of  ketone,  it  would  be  presumed  that  the  break 
might  be  diminished  to  the  extent  of  being  completely  obscured. 

This  method  does  not  work  on  aliphatic  aldehydes,  except  for  the 
formaldehyde  where  it  works  well.  From  the  titration  curves  obtained,  it 
is  concluded  that  the  Schiff  bases  of  the  aliphatic  aldehydes  and  the 
aliphatic  amines  are  not  stable  enough  or,  better,  that  the  equilibrium  in 
these  cases  is  too  far  to  the  left  for  the  reaction  to  be  used  for  analytical 
purposes.  No  titration  curves  could  be  obtained  for  acetaldehyde,  pro- 
pionaldehyde,  or  butyraldehyde.  Cinnamaldehyde  is  peculiar  in  this  respect 
in  that  it  is  essentially  an  aliphatic  aldehyde  with  the  phenyl  group  on  the 
chain,  yet  it  will  react  completely  enough  to  be  used.  Crotonaldehyde, 
which  is  similar  to  the  cinnamaldehyde  except  that  the  phenyl  group  is 
replaced  with  a  methyl  group,  does  not  show  any  titration  break  at  all. 

Interferences  in  this  method  consist  of  acids  that  are  approximately  as 
strong  as,  or  stronger  than,  the  salicylic  acid  used  in  the  titration.  A  weak 
acid  will  not  interfere  in  that  the  stronger  salicylic  acid  will  titrate  the 
amine  away  from  it.  (We  must  speak  of  “weaker”  and  “stronger”  acids  in 
this  case,  since  we  are  working  in  a  nonaqueous  medium  in  which  the 
dissociation  constants  of  the  various  acids  are  not  known.)  Acid  anhydrides 
and  acid  halides  interfere  in  that  they  consume  amine. 


Procedure  of  S.  Siggia  and  E.  Segal 

[Anal.  Chem.,  25 ,  830  (1953)] 

REAGENTS 

2mo!esTaurvl'amineamin%in  8lyCo|-isoProPa"«'  fixture  containing 

A^en  12D  from  Ch.  <The  lauryl  amine  is  Phased  at 

.li“£  Wilts"  “W".  — against 
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PROCEDURE 

Weigh  a  0.02-mole  sample  of  the  aldehyde  into  a  100  to  150-ml 
glass-stoppered  flask.  Add  exactly  20  ml  of  the  lauryl  amine  solution, 
replace  the  cover,  and  shake  the  mixture  for  a  few  minutes.  Allow  the 
mixture  to  stand  for  1  hour.  Then  transfer  the  solution  with  ethylene 
glycol-isopropanol  to  a  250-ml  beaker,  and  titrate  the  excess  lauryl  amine 
potentiometrically  with  IN  salicylic  acid. 

Also  run  a  blank. 


CALCULATION 


(Blank  -  titration)  x  N  salicylic  acid  x  mol,  wt. 

Grams  of  sample  x  1000 


xl00  =  %  aldehyde 


Table  15.  Primary  Amines 

%  Found 


Time 

Sample 

%  Found 

Other  Method 

Formaldehyde 

1|  hr. 

Portion  of  35% 

36.5 

36.3“ 

Over  week  end 

solution 
weighed  in 

36.1 

Benzaldehyde 

1  hr. 

0.02  mole 

98.7 

96. 3b 

weighed  in 

99.2 

Salicylaldehyde 

1  hr. 

0.02  mole 
weighed  out 

99.6 

99.8 

99. 0b 

99.2 

99.4 

1  hr. 

Aliquot  portion 

99.0 

used  contain¬ 
ing  0.02  mole 

Cinnamaldehyde 

1  hr. 

0.02  mole 
weighed  out 

99.3 

99.9 

98. 6a 

Furfural 

1  hr. 

0.02  mole 
weighed  out 

99.5 

98.0 

99. 3b 

98.8 

_ i  it j  to  in'?"* 

-  Bisulfite  method  of  Siggia  and  Maxcy,  Ind.  Eng.  Chen,.,  Anal.  Ed.,  19,  1023 

(l'4274-Dinitrophenyl  hydrazone  method  of  Iddles,  Low,  Rosen,  and  Harte,  ibid., 
11,  102  (1939). 
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Miscellaneous  Methods 

Several  miscellaneous  methods  have  been  used  but  have  never 
achieved  prominence  because  of  one  or  more  shortcomings  relative  to  the 
approaches  described  in  detail  previously. 


METHONE  METHOD  (ALSO  KNOWN  AS  DIMEDON  METHOD) 

Methone  (5,5  dimethyl  dihydroresorcinol)  has  been  used  as  a  qualita¬ 
tive  reagent  for  the  identification  of  aldehydes,  but  it  has  achieved  only 
limited  use  for  the  quantitative  determination  of  these  compounds. 

The  main  application  of  the  methone  is  for  determining  formaldehyde, 
but  acetaldehyde  has  also  been  determined.  Yet  this  method  has  no 
advantages  over  the  procedures  mentioned  earlier  for  determining  these 
aldehydes  except  for  determining  formaldehyde  in  the  presence  of  other 
aldehydes.  This  method  is  described  below.  Ketones  and  sugars  do  not 
react  with  dimedon  under  ordinary  conditions. 

The  reaction  can  be  written  as  follows: 


✓ 

CH 


OH 

C 


(CH3)2C 


CH 

C— OH 


+  RCHO 


C 

h2 


OH 

OH 

C 

R 

C 

/  \ 

/  \ 

CH  C 

-CH 

c 

(CH3)2C  C— oh  hoc 


c 

h2 


CH 

C(CH3)2 


+  h2o 


c 

h2 


Formaldehyde  (64)  and  methone  react  quantitatively  in  neutral  al- 

;  ';,r  m,ldlV  ac"llc  aqueous  or  alcoholic  solutions  to  form  methvlene 
bismethone,  a,  mdicatcd  in  ,h,  foregoing  eq„„i„„ 

“■  k  «  »«.  ■>».  PP.  39.-3, 
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equation  is  almost  completely  insoluble  in  neutral  or  mildly  acidic  aque¬ 
ous  solutions;  100  ml  of  water  dissolves  only  0.5  to  1.0  mg  at  15  to  20°C. 
It  is  a  crystalline  material  melting  at  189°C.  It  is  soluble  in  alkali, 
behaving  as  a  monobasic  acid,  and  it  can  be  titrated  with  standard  alkali 
in  alcohol  solution. 

Other  aliphatic  aldehydes  such  as  acetaldehyde  also  form  condensation 
products  of  low  solubility  by  reaction  with  methone.  These  products  differ 
from  the  formaldehyde  derivative  in  that  they  are  readily  converted  to 
cyclic  hydroxanthene  derivatives  by  treatment  with  glacial  acetic  or  dilute 
sulfuric  acid.  These  xanthene  derivatives  are  not  soluble  in  alkali  and  can 
thus  be  separated  from  the  formaldehyde  product.  Acetaldehyde  reacts 
with  methone  to  give  ethylidenedimethone  (m.p.  139°C)  which  is 
0.0079%  soluble  in  water  at  19°C.  The  conversion  of  this  product  to  the 
alkali-insoluble  xanthene  derivative  is  indicated  below: 


H 

O 


H 

O 


HC 


(CH3)2c 


/ 


c 

H, 


CH, 


C— OH  H  HO— C 


\ 


CH 

C(CH3), 


Acid 


c 

h2 

H 

O  H 


H 

CHoO 


HC 

(CH3)2C 


c 

c 


c 

h2 


o 


c 

c 


\ 


CH 


C(CH3)2 


+  HoO 


C 

He 


The  acetaldehyde  derivative,  ethylidenedimethone,  differs  from  the  form- 
aldehydeproduct  in  that  it  behaves  as  a  dibasic  acid  when  t.trated  wtth 

31  "in'  de  term  Ini  n  g  formaldehyde  with  methone,  the  reagent  is  best  add,-d 
as  a  saturated  aqueous  solution  or  as  a  5  to  10%  solution  in  alcohol  In 
the  latter  case  care  must  be  taken  to  avoid  addition  of  large  quantities 
reagent  because  of  the  limited  solubility  of  methone  in  water  and  becaus 
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high  concentrations  of  alcohol  will  interfere  with  the  precipitation  of  the 
formaldehyde  derivative.  The  formaldehyde  solution  to  be  analyzed 
should  be  neutral  or  mildly  acid.  Weinberger  (65)  claims  that  addition  of 
salt  increases  the  sensitivity  of  the  test  and  states  that  agitation  speeds  up 
the  precipitation  of  methylene  derivative.  Vorlander  (66)  allows  a  reac¬ 
tion  period  of  12  to  16  hours  at  room  temperature  for  complete  precipita¬ 
tion.  By  Weinberger’s  accelerated  method  (65)  it  is  claimed  that  formal¬ 
dehyde  bismethone  is  precipitated  in  15  minutes  when  present  at  a 
concentration  of  4  ppm.  In  the  absence  of  other  aldehydes  the  precipitate 
may  be  filtered  olf,  washed  with  cold  water,  and  dried  to  constant  weight 
at  90  to  95°C  for  gravimetric  measurement.  Each  gram  of  precipitate  is 
equivalent  to  0.1027  gram  of  formaldehyde.  Yoe  and  Reid  (67)  report 
improved  accuracy  if  the  precipitation  is  carried  at  pH  4.6  in  a  sodium 
acetate-hydrogen  chloride  solution. 

When  acetaldehyde  or  other  aliphatic  aldehydes  are  present,  their 
methone  derivative  must  be  separated  from  the  precipitate  first  obtained. 
This  may  be  accomplished  by  shaking  solution  and  precipitate  with  ^ 
volume  of  cold  50%  sulfuric  acid  for  16  to  18  hours;  or  the  filtered 
precipitate  (moist  or  vacuum-dried)  can  be  heated  with  4  to  5  times  its 
volume  of  glacial  acetic  acid  on  a  boiling  water  bath  for  6  to  7  hours,  after 
which  it  is  treated  with  an  excess  of  ice  water  to  precipitate  the  products. 
The  formaldehyde  bismethone  can  then  be  removed  from  the  acid- 
treated  precipitates  with  dilute  alkali  and  reprecipitated  by  acidification 
(66).  When  acetaldehyde  is  the  only  other  aldehyde  present,  it  may  be 
determined  by  weighing  the  dried  alkali-insoluble  precipitate,  1  gram  of 
which  is  equivalent  to  approximately  0.1 180  gram  of  acetaldehyde.  Since 
ethylidene  bismethone  is  more  soluble  than  the  methylene  derivative,  the 
method  is  not  as  accurate  for  acetaldehyde  as  formaldehyde. 

The  volumetric  titration  technique  developed  by  Vorlander  (66)  is 
readily  applied  to  the  measurement  of  moist  precipitated  methylene 
bismethone  by  dissolving  in  alcohol  and  titrating  with  caustic  at  room 
temperature.  Temperatures  of  70°C  do  not  affect  the  results  of  this 
titration.  One  ml  of  normal  alkali  is  equivalent  to  0.030  gram  of  formal- 
dehyde.  Another  variant  involves  titration  of  a  given  volume  of  methone 
solution  followed  by  titration  of  an  equal  volume  of  the  same  solution, 
w  ich  has  been  reacted  with  the  formaldehyde  sample.  The  difference  in 
these  titers  is  equivalent  to  the  formaldehyde  titer,  since  2  moles  of 
methone  is  equivalent  to  2  liters  of  normal  caustic,  whereas  1  mole  of 
methylene  bismethone  (equivalent  to  2  moles  of  methone)  is  equivalent  to 

n  vei!’be,r8er7m'  E"8'  Chem  ’  AnaL  Ed  - 3.  365-6  (1931) 

66.  D.  Vorlander,  Z.  Anal.  Chem.,  77,  32-7  (19291 

“ '  '• T”  - L- c  **  k. n, 
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only  1  liter  of  normal  caustic.  If  acetaldehyde  is  present,  the  final  titration 
must  be  carried  out  at  70°C,  since  1  mole  of  ethylidene  bismethone 
titrates  as  a  dibasic  acid  at  this  temperature  and  this  does  not  interfere  with 
the  analysis,  since  it  behaves  the  same  as  2  moles  of  unreacted  methone. 

CANNIZZARO  REACTION 

A  method  is  reported  (68)  utilizing  the  Cannizzaro  reaction  which  is 
applicable  to  mainly  aromatic  aldehydes,  but  a  few  alphatic  aldehydes 
(isobutyraldehyde,  isovaleraldehyde,  heptaldehyde)  are  determinable  with 
long  reaction  times  of  several  hours. 

2RCHO  +  KOH  ->  RCH2OH  +  RCOOK  +  H20 


NESSLER  REAGENT  METHODS  (SEE  MERCURIMETRIC 
OXIDATION  METHODS,  PP.  126-36) 

GRIGNARD  METHODS  (SEE  ACTIVE  HYDROGEN 
METHODS,  PP.  478-88) 


LITHIUM  ALUMINUM  HYDRIDE  METHODS 

Lithium  aluminum  hydride  will  quantitatively  reduce  aldehydes  and 
ketones  and  can  be  used  to  determine  these  compounds.  Higuchi  et  a  . 
(69  70)  applied  this  approach  by  adding  an  excess  of  hydri  e  in  a 
tetrahydrofuran  solution  to  the  sample  and  titrating  the  excess  elec- 

trometrically  with  ethanol  or  propanol  in  dry  benzene. 

The  main  difficulty  with  this  approach  is  the  nonspecificity  of  hth 
aluminum  hydride.  It  will  react  with  any  active  hydrogen-containing 
compound,  such  as  alcohols,  primary  and  secondary  amines  and  amides 
waTer,  meicaptans,  and  acids;  and  will  reduce  many  other  variety  of 
compounds  including  amides,  esters,  nitrites. 


HYDROGEN  PEROXIDE  OXIDATION 
for  quantitatively  determination. 

68.  L.  Palfray,  S.  Sabetay,  and  D.  Sonmg  fdence,  IH,  63-4  (1950). 

f0;  I  zsS&ZSZ  418-20  ,,950)- 
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Blank  and  Finkenbeiner  (71)  determined  formaldehyde  by  heating  with 
peroxide  for  5  minutes  at  60°C.  Other  aldehydes  interfered  but  could  not 

be  determined. 

MacCormac  and  Townsend  (72)  were  able  to  determine  a  few  of  the 
lower  aldehydes  by  carrying  out  the  oxidation  in  a  pressure  bottle  on  a 
steam  bath. 


AMMONIA  REACTION 

Aldehydes  undergo  reaction  with  ammonia  much  the  same  as  in  the 
case  of  amines  (see  p.  138).  The  equilibrium  in  this  reaction,  however,  is 
much  in  favor  of  the  reactants  such  that  the  reaction  is  of  little  value 
except  for  determining  formaldehyde  (73-76). 


POTASSIUM  CYANIDE  REACTION 

Potassium  cyanide  will  undergo  a  sort  of  cyanhydrin  reaction  with 
aldehydes,  but  quantitative  reaction  is  achieved  only  with  formaldehyde; 
the  other  aldehydes  generally  interfere. 

HCHO  +  KCN  —  CH2CN 

OK 

The  procedure  (77)  consists  of  adding  excess  cyanide  reagent  to  the 
sample  and  then  adding  a  known  quantity  of  silver  nitrate  in  excess  of  the 

remaining  cyanide  present.  The  excess  silver  ion  is  then  titrated  with 
thiocynate. 


SODIUM  BOROHYDRIDE  REACTION 

Sodium  borohydride  will  reduce  aldehydes  to  the  corresponding  al¬ 
cohol,  and  this  reaction  can  be  used  analytically.  The  general  approach  is 

®|an>iand  H  Finkenbeiner,  Be,.,  31,  2979-81  (1898);  32,  2141  (1899) 

72.  M  MacCormac  and  D.  T.  A.  Townsend,  J.  Chem.  Soc.,  1940,  151-6 

73.  L.  Legler,  Ber .,  16,  1333-7  (1883).  ' 

74.  A.  G.  Craig,  J.  Am.  Chem.  Soc.,  23,  638-43  (1901) 

75.  A.  Fosch.n.  and  M.  Talenti,  Z.  Anal.  Chem.,  117,  94-9  (1939)-  1i8  q,  7  nQ4m 

76.  J.  Buchi,  Pharm.  Acta  Helv.,  6,  1-54  (1931).  '  ’  118’  94-7  (1940)- 

77.  G.  Romijn,  Z.  Anal.  Chem.,  36,  18-24  (1897). 
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to  add  excess  of  the  borohydride  and  then  to  determine  the  excess 
iodimetrically  (78)  or  by  evolving  the  hydrogen  (79).  A  newer  approach 
(80)  is  to  titrate  the  aldehyde  directly  with  the  borohydride  using  a 
photometric  end  point.  All  these  methods,  although  workable,  suffer  from 
the  shortcoming  of  the  nonspecificity  of  the  borohydride.  Other  classes  of 
compounds  are  reduced  by  the  reagent  and,  hence,  interfere.  Ketones  and 
acids  are  the  most  common  interferences.  In  light  of  the  other  methods 
available  to  determine  aldehydes,  the  borohydride  method  will  probably 
not  achieve  much  popularity. 

PERMANGANATE  AND  DICHROMATE  OXIDATION 

The  oxidants  permanganate  and  dichromate  have  also  been  reported 
for  determining  aldehydes  (81-84).  They  are  of  little  value,  however, 
since  both  will  oxidize  many  organic  materials  other  than  aldehydes,  to 
cause  interference. 


Methods  for  Trace  Quantities  of  Carbonyl  Compounds 

Traces  of  carbonyl  compounds  can  often  be  determined  by  ultraviolet 
absorption  techniques,  especially  the  compounds  where  the  carbonyl 
double  bond  is  in  conjugation  with  a  carbon-to-carbon  double  bond,  that 
is  acrolein,  crotonaldehyde.  Also,  polarography  can  be  used  for  deter¬ 
mining  trace  quantities  of  aldehydes.  But  trace  carbonyl  materials  as  a 
class  of  compounds  are  very  amenable  to  colorimetric  determination, 
since  they  undergo  quantitative  reactions  with  colored  products,  and 
these  reactions  are  generally  quite  specific  for  carbonyl  compounds.  The 
color  reactions  the  most  widely  used  for  this  purpose  are  the  2,4- 
dinitrophenylhydrazone  formation  and  the  Schiff  reaction. 


COLORIMETRIC  2,4-DINITROPHENYLHYDRAZONE  METHOD 

The  reaction  between  carbonyl  compounds  and  2  4-dinitrophenyl- 
hydrazine  is  shown  on  p.  113.  where  the  gravimetric  determination  of 

78.  D.  A.  Lyttle,  E.  H.  Jensen,  and  W.  A.  Struck,  Anal Ctem  24,  .843  (1952). 

79.  M.  Sobotka  and  H.  Trutnovsky,  M.crochem.  J.,  3,  2  1  (1959). 

s-  f  ss: rjitzizsz  ssa  sssu 

84.  M.  Nicloux,  Bull.  Soc.  Chim.  Fr.  (  ),  ♦ 
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carbonyl  materials  is  discussed.  The  procedure  described  here  utilizes  the 
same  reaction,  except  that  the  colored  hydrazone  product  is  measured 
and  related  back  to  the  concentration  of  the  original  carbonyl  compound. 


Method  of  G.  R.  Lappin  and  L.  C.  Clark 

[ Reprinted  in  Part  from  Anal.  Chem.,  23,  541-2  (1951)] 

The  addition  of  a  solution  of  sodium  or  potassium  hydroxide  to  an 
alcoholic  solution  of  a  2,4-dinitrophenylhydrazone  produces  a  very  in¬ 
tense  wine-red  color,  presumably  because  of  the  formation  of  the  res¬ 
onating  quinoidal  ion  I.  A  similar  quinoidal  ion  has  been  suggested  for 


NO, 


R — CH=N — N  H 


_/  \ 


base 

no2 - > 


NO, 


O— 


R — CH=N — N=< 


>=N 


O 


the  colored  solution  formed  when  base  is  added  to  the  phenylhydrazone 
of  a  nitroaromatic  aldehyde  (85).  This  color  reaction  has  been  made  the 
basis  of  a  very  sensitive  method  for  the  estimation  of  ketosteroids  in 
biological  extracts  (86).  Herein  is  reported  the  extension  of  the  method  to 
the  quantitative  determination  of  traces  of  aldehydes  or  ketones  in  water, 
organic  solvents,  or  organic  reaction  products.  The  method  is  most  useful 
in  the  range  of  carbonyl  concentration  from  10~4  to  10-6M,  wherein  few 
if  any  other  methods  give  reliable  results  or  are  of  general’ application 
Absorption  spectra  were  run  on  alkaline  alcoholic  solutions  of  a 
number  of  2,4-dmitrophenylhydrazones.  It  was  found  that  the  position  of 
he  maximum  as  well  as  the  value  of  J5max  were  nearly  independent  of  the 
ructure  of  the  carbonyl  compound  (with  exceptions  noted  below)  and 

e^ss' w^mer1  t,°Thhe  C°nCe"tration  of  base  as  '°ng  as  a  sufficient 
excess  was  present.  The  colors  formed  were  relatively  stable  although 

slow  fading  over  a  period  of  several  days  was  noted.  Bee*  law  was 

beyed  in  the  concentration  range  studied.  The  value  of  Emax  determined 

86  L  cSu“nd'  and  A-  Walker-  7  chem-  1925,  ,851. 
l.  eiark  and  H.  Thompson,  unpublished  research. 
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Table  16.  Position  and  Values  of  Emax  for  Various  Compounds 

Compound  Maximum,  m^  Emax.  x  10~4 


Acetaldehyde 

478 

2.72 

Acetone 

476 

2.66 

Acetophenone 

480 

2.71 

Anisaldehyde 

480 

2.70 

Acetylacetone 

480 

5.42 

Acetthienone 

480 

2.71 

Benzaldehyde 

481 

2.72 

Butyraldehyde 

480 

2.73 

Cinnamaldehyde 

480 

2.70 

Cyclohexanone 

480 

2.69 

Cyclopentanone 

480 

2.68 

3,5-Dichlorobenzaldehyde 

480 

2.70 

Furfural 

479 

2.72 

9-Heptadecanone 

480 

2.68 

/7-Hydroxyacetophenone 

480 

2.70 

Methyl  cyclopropyl  ketone 

476 

2.69 

Methyl  ethyl  ketone 

480 

2.75 

Methyl  phenyl  diketone 

480 

5.46 

for  a  large  number  of  compounds  averaged  2.72  x  104  at  480  nm.  Table 
16  gives  more  exact  values  for  a  number  of  compounds. 

For  actual  analysis  it  was  found  unnecessary  to  isolate  the  phenyl- 
hydrazone.  If  it  was  prepared  in  solution,  using  an  excess  of  2,4-dimtro- 
phenylhydrazine,  the  addition  of  base  converted  the  excess  reagent  to  a 
very  light  yellow  substance,  the  absorption  of  which  was  corrected  for  by 
using  a  blank  determination. 


PREPARATION  OF  REAGENTS 

carbonyl-free  methanol.  To  500  ml  of  CP  methanol  were  added  about 
5  grams  of  2,4-dinitrophenylhydrazine  and  a  few  drops  of  concentrated  hydro¬ 
chloric  acid.  After  refluxing  for  2  hours,  the  methanol  was  distilled  through 
short  Vigreux  column.  If  kept  tightly  stoppered,  the  methanol  remains  suitable  for 

H  ».  SOLUTION  *  d  solution  in  ..tbon,,- 

free  methanol  was  prepared,  using  2,4-dinitrophenylhydrazine  that  had  been 
twice  recrystallized  from  this  solvent.  This  solution  should  not  be  used  more 

a  week  or  two  after  preparation.  Qf  tassium  hydroxide  was  dis- 

the  solution  was  made  up  to  ,00  m,  with 
carbonyl-free  methanol.  This  solution  will  keep  indefinitely. 
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PROCEDURE 

The  unknown  or  its  solution  should  not  be  more  than  10"3M  in 
carbonyl.  In  such  dilute  solutions  the  phenylhydrazone  will  not  precipitate 
at  room  temperature.  The  solution  must  be  neutral  or  very  weakly  acidic 
to  prevent  precipitation  of  potassium  salts  when  the  base  solution  is 
added. 

To  1.0  ml  of  the  unknown  or  its  solution  in  carbonyl-free  methanol, 
add  1.0  ml  of  the  2,4-dinitrophenylhydrazine  reagent  and  1  drop  of 
concentrated  hydrochloric  acid.  Stopper  the  tube  loosely  and  heat  in  a 
water  bath  at  50°  for  30  minutes  or  at  100°C  for  5  minutes.  After  cooling, 
add  5.0  ml  of  the  potassium  hydroxide  solution.  The  almost  black  solution 
that  results  rapidly  clears  to  the  characteristic  wine-red  color.  Simul¬ 
taneously  make  a  blank  determination,  using  1.0  ml  of  the  carbonyl-free 
methanol  in  place  of  the  sample. 

Determine  the  optical  density  of  the  solution  using  a  Beckman  Model 
DU  spectrophotometer.  Adjust  the  instrument  for  100%  transmittance 
for  the  solution  from  the  blank  determination,  no  further  correction  for 
the  blank  being  necessary.  Take  the  measurement  at  480  nm  and  make 
the  calculations  using  the  average  value  of  Emax.  In  later  work  the 
instrument  was  standardized  using  acetophenone  and  a  graph  was  con¬ 
structed  to  allow  direct  reading  of  carbonyl  concentration  from  the 
observed  optical  density. 


discussion 


The  method  has  been  found  to  be  applicable  to  a  large  number  of 
aldehydes  and  ketones,  both  aliphatic  and  aromatic,  as  well  as  to  some 
diketones.  The  only  interfering  structures  so  far  encountered  are  ni- 
troaromatic  groups  and  conjugation  of  the  chalcone-type  ketones.  Com¬ 
pounds  containing  such  groups  can  still  be  determined  by  using  the  same 
compound  for  standardization.  Accuracy  of  the  order  of  2  parts  per 
hundred  was  obtained  in  the  range  of  5  x  1(T6  to  10“4M  carbonyl.  Carbonyl 
concentrations  as  low  as  5  x  10  7M  can  be  detected  qualitatively. 

Lappm  and  Clark  have  successfully  used  the  method  in  the  following 
applications:  in  the  determination  of  carbonyl  compounds  in  water  so\u- 
tion  fdlowed  by  chromatographic  adsorption  to  concentrate  the  w 
drazone.  This  concentrated  hydrazone  is  then  eluted  from  the  column  and 
compounds  formed  in  certain  rearrangement  reactions  (87.88);  in  tie 


87.  G.  Lappin,  J.  Am.  Chem.  Soc..  71,  3966  (1949). 

88.  G.  Lappin,  unpublished  research. 
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qualitative  identification  of  aldehydes  and  ketones  in  an  organic  qualita¬ 
tive  analysis  course  (for  this  purpose  the  intense  color  due  to  larger 
concentrations  of  carbonyl  compounds  makes  it  easy  to  distinguish  visu¬ 
ally  between  trace  impurities  and  a  major  component);  and  in  the 
determination  of  the  number  of  carbonyl  groups  in  a  compound  of  known 
molecular  weight  (88). 

The  method  of  Lappin  and  Clark  can  be  extended  to  limits  lower  than 
those  specified  earlier  by  the  use  of  large  samples  for  hydrazone  forma¬ 
tion,  followed  by  chromatographic  adsorption  to  concentrate  the  hy¬ 
drazone.  This  concentrated  hydrazone  is  then  eluted  from  the  column  and 
the  color  intensity  is  measured.  The  foregoing  technique  has  been  used 
successfully  in  the  laboratory  of  S.  Siggia  (89)  to  determine  hydrazones 
down  to  the  0.1  ppm  level  on  100-gram  samples.  The  chromatographic 
procedure  used  was  essentially  that  of  Gordon  et  al.  (90).  Keep  in  mind, 
however,  that  chromatographic  conditions  and  adsorbents  vary  with  the 
hydrazone  being  adsorbed  and  with  the  medium  in  which  the  hydrazone 
is  contained.  Thus  no  general  chormatographic  method  can  be  described. 


SCHIFF  REACTION 

The  SchifF  reaction  is  one  commonly  used  to  determine  trace  quantities 
of  aldehydes.  The  reaction  is  as  follows: 

The  Schiff  reaction  is  not  optimal  for  analytical  purposes.  It  is  subject 
to  fading  of  the  pink  or  red  color  of  the  product.  This  fading  is  attributed 
to  the  reaction  of  the  colored  quinoid  product  with  the  sulfurous  acid  to 
form  the  aldehyde  bisulfite  addition  compound,  although  this  is  not 
known  exactly.  Also,  this  reagent  is  prone  to  give  false  positive  values. 

The  Schiff  reagent  is  usable,  however,  if  it  is  adaptable  to  the  system 
being  analyzed.  No  specific  method  can  be  cited,  since  each  system  to  be 

analyzed  requires  reaction  conditions  of  its  own. 

Floffpouir  et  al.  (91)  used  the  Schiff  base  reagent  in  determination  of 
formaldehyde.  Tobie  (92)  used  it  for  determining  aldehyde  groups  or 
sugars.  The  authors  of  this  text  have  been  successful  in  using  essentially 
Tobie’s  method  to  determine  traces  of  acetaldehyde  and  hydroxybutyr- 

aldehyde  in  aqueous  systems.  .  .  , 

The  Tollen’s  reagent  proved  to  be  suitable  for  the  determina  ion 

KQ  P  M  Thomas,  unpublished  work.  -- 

9a  B.  E.'  Gordon,  F  .  Wopat,  Jr.,  H.  D.  Burnham,  and  L.  C.  Jones,  Anal.  Chen,.,  23, 

91 .  C7L4Hoffpo5uir.  G.  W.  Buckaloo,  and  J.  D.  Guthrie,  Anal.  Chen,..  15, 605-6  (1943). 

92.  W.  C.  Tobie,  Anal.  Chem.,  14,  405-6  (1942). 
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micromolar  quantities  of  aldehyde  if  atomic  absorption  spectro¬ 
photometry  is  used  to  analyze  the  reduced  silver  content. 


Adapted  from  the  Method  of  P.  J.  Oles  and  S.  Siggia 

[Anal.  Chem .,  46,  911  {1974)] 

APPARATUS 

Absorbances  were  measured  at  328.1  nm  with  a  Perkin-Elmer  403  Atomic 
Absorption  Spectrophotometer. 

A  fine  frit  (4-5.5  /am)  Pyrex  glass  funnel  was  used  for  all  filtrations.  The  use  of 
a  medium  frit  (10-15  /am)  funnel  results  in  significant  losses  of  the  silver  precipi¬ 
tate;  therefore  the  larger  size  was  not  used. 


REAGENTS 

tollen’s  reagent.  Pipet  5.00  ml  of  0.50 M  silver  nitrate  solution  into  a  50-ml 
beaker;  add  exactly  1.00  ml  of  3 M  sodium  hydroxide  solution  and  agitate  the 
contents.  Then  add  dropwise  2.00  ml  of  1 : 1  ammonia  (sp.  gr.  0.90)  and  water  to 
dissolve  all  the  silver  oxide  present.  This  reagent  must  be  prepared  fresh  and 
should  be  used  immediately  after  its  preparation.  A  highly  explosive  black 
precipitate  forms  when  the  reagent  stands  for  a  time;  therefore  all  unused  reagent 
should  be  discarded  within  4  hours  of  its  preparation. 


PROCEDURE 


Add  a  0.100-  to  1.00-ml  sample  of  the  aldehyde  in  water  to  a  6-in  test 
tube.  Depending  on  the  reactivity  of  the  aldehyde,  the  concentration 
should  be  between  0.25  and  4.00  p,m  per  milliliter.  Under  minimum 
lighting  conditions,  add  a  volume  of  Tollen’s  reagent  equal  to  the  volume 
of  the  sample.  Mix  the  contents  of  the  test  tube  thoroughly,  put  the  test 
u  e  m  a  lght-tight  container,  and  place  it  on  a  mechanical  agitator  for 
the  specified  time  (Table  17).  After  this  time  has  elapsed,  transfer  the 
contents  of  the  test  tube  to  a  fine  fritted  glass  funnel  and  apply  suction 
Rinse  the  test  tube  with  two  5-ml  portions  of  1 :  1  ammonia-water  to 
dissolve  any  silver  oxide  present,  and  then  with  two  5-ml  portions  of 

cleanr’l25  ml  flCaTha."OW  T  1'"^  l°  pa$S  through  the  filter-  p'ace  a 
clean  125-ml  flask  below  the  filter  and  add  6  ml  of  1 : 1  concentrated 

nitnc  acid-water  to  the  test  tube  to  dissolve  the  adhering  silver  m[rror 
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Table  17.  Analysis  of  Aldehydes  by  Oxidation  with  Tollen’s  Reagent 


Aldehydes  Minimum 


Compound 

Concentration, 

p.M/ml 

Taken, 

fxM 

Found, 

pM 

Recovery, 

% 

Relative 

Standard 

Deviation" 

Reaction 

Time, 

min. 

Formaldehyde 

3.28 

1.64 

1.65 

101 

±2.5  (5) 

30b 

Propionaldehyde 

3.47 

1.74 

1.72 

98.8 

±3.9  (5) 

135 

Butyraldehyde 

1.13 

1.13 

1.13 

100 

±4.4  (4) 

120 

p-Nitrobenzaldehyde 

0.990 

0.990 

1.00 

101 

±4.5  (5) 

25 

m  -Nitrobenzaldehyde 

1.029 

1.029 

1.03 

100 

±5.8  (5) 

30 

m  -Cycanobenzaldehyde 

1.004 

1.004 

0.97 

96.6 

±5.2  (5) 

45 

p  -Chlorobenzaldehyde 

1.007 

1.007 

1.02 

101 

±5.8  (5) 

90 

m  -Methoxybenzaldehyde 

0.985 

0.985 

1.02 

103 

±5.5  (5) 

120 

Benzaldehyde 

3,5-Dimethoxybenzal- 

3.93 

1.96 

1.98 

101 

±1.2  (3) 

60c 

dehyde 

1.001 

1.001 

1.01 

101 

±3.0  (5) 

100 

p-Nitrobenzaldehyde 

0.990 

0.099 

0.094 

95 

±4.2  (3) 

25 

p-Nitrobenzaldehyded 

1.07 

1.07 

1.04 

97.3 

±5.7  (4) 

25 

p -Nitrobenzaldehyde6 

1.00 

1.00 

1.00 

100 

±3.2  (4) 

120 

°  Figures  in  parentheses  indicate  number  of  determinations. 
h  0.1M  AgN03  used  in  preparing  reagent. 
c  0.25 M  AgN03  used  in  preparing  reagent. 

d  Analysis  carried  out  in  presence  of  750  ppm  potassium  chloride. 
e  Sample  in  ethanol. 


Transfer  this  solution  to  the  filter  and  upon  dissolution  of  the  silver 
precipitate,  apply  suction.  Rinse  the  test  tube  with  two  5-ml  portions  of 
water  and  pass  through  the  filter  and  collect  the  rinsings.  Transfer  the 
contents  of  the  suction  flask  to  a  50-ml  volumetric  flask  and  dilute  to 
volume  with  water.  When  less  than  0.50  gm  of  aldehyde  is  present, 
adjust  the  acid  and  water  volumes  so  that  the  final  volume  of  the  sample 
is  10.0  ml.  Analyze  the  solution  by  atomic  absorption  spectrophotometry 
for  the  silver  content.  Prepare  a  calibration  curve  by  taking  aliquots  of  the 
stock  silver  nitrate  solution  and  diluting  to  the  same  final  volumes  as  the 

sample. 


RESULTS  AND  DISCUSSION 

CHOICE  OF  silver  oxidant.  The  silver-rerr-butylamine  complex  (p.  1 19) 
that  has  been  applied  successfully  on  the  millimolar  scale  was  found  to  be 
unsuitable  on  the  micromolar  scale.  Low  and  irreproducible  results  were 
obtained  with  the  silver-rert-butylamine  complex.  It  is  postulated  that  in 
the  presence  of  fert-butylamine,  the  following  reaction  may  occur. 

HCHO  +  H2NC(CH,)_,  ±  H2C=NC(CH3)3  +  H20 

The  imine  formed  in  the  reaction  is  not  oxidizable  by  the  silver  reagent; 
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therefore  the  consumption  of  aldehyde  by  tert- butylamine  results  in  low 
recoveries.  The  use  of  Tollen’s  reagent  does  not  result  in  low  recoveries, 
since  the  reaction  of  ammonia  and  formaldehyde  (to  form  hexa¬ 
methylenetetramine)  would  be  unfavorable  in  low  formaldehyde  concen¬ 
trations;  therefore  the  oxidation  reaction  proceeded  to  completion. 

It  was  found  that  in  an  open  vessel,  also  under  vacuum  during  the 
filtering  operation,  the  following  reactions  occur: 

Ag(NH3)J  -  Ag+  +  2NH3 
NH3  +  H20  ^  NHJ  +  OH" 

2Ag+  +  20H“  ^  Ag20  +  H20 

The  precipitation  of  Ag20  was  found  to  be  a  source  of  a  high  blank  value 
at  the  start  of  the  study.  Washing  the  precipitate  with  ammonia-water 
dissolves  any  Ag20  present  and  was  found  to  reduce  the  blank  value  to 
the  order  of  0.06  to  0.08  p,M  aldehyde. 

The  results  for  aliphatic  and  aromatic  aldehydes  appear  in  Table  17. 
The  determination  of  0.099  p,M  of  p-nitrobenzaldehyde  was  carried  out 
with  a  final  sample  volume  of  10.0  ml.  In  all  other  cases,  samples  were 
diluted  to  50.0  ml  so  that  the  silver  concentration  would  lie  in  the  linear 
region  of  the  calibration  curve  for  silver.  The  reactivity  of  aliphatic 
aldehydes,  other  than  for  formaldehyde,  was  observed  to  be  much  less 
than  the  substituted  benzaldehydes  at  the  concentrations  studied.  For  this 
reason,  their  determination  is  best  accomplished  by  using  smaller 
amounts  of  more  concentrated  reagent.  The  results  in  Table  18  indicate 
that  the  time  required  for  the  quantitative  recovery  of  the  aldehyde  is 
drastically  reduced  by  adding  less  reagent,  thereby  reducing  the  dilution 


Table  18.  Effect  of  Dilution  of  Aldehyde  by  Adding  Various  Amounts  of 
Reagent:  Analysis  of  1.00  pM  per  milliliter  of  p-Chlorobenzaldehyde 

Recovery,  % 

Time,  _ _ _ _ _ 

min.  1.00  ml  Reagent  Added"  0.50  ml  Reagent  Added* 


/  V) 


Final  approximate  concentrations  are:  [Ag+]  =  0.3F  [RCHOl 
0.5  pmole/ml,  [OH~]  =  0.37F,  [NH4OH]=  1.9F 

Final  appronmate  concentrations  are:  [Ag']  =  ().2F,  [RCHOl 
0.67  ft  mole/ml,  [OHT]  =  0.25F,  [NH4OH]=  1.3F. 
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Table  19.  Determination  of  Total  Aldehyde  Concentration  in  Mixtures  of  Aldehydes 

Aldehyde 


Mixture0 

Concentration, 

/xM 

ArCHO/ml 

Taken, 

/xM 

Found, 

/xM 

Recovery, 

% 

Relative 

Standard 

Deviation6 

0.535  p.M  m-nitro- 
benzaldehyde  + 

0.428  /xM  p-nitro- 
benzaldehyde 

0.963 

0.963 

0.97 

101 

±4.6  (5) 

0.299  p,M  m-cyano- 
benzaldehyde  + 

0.529  /xM  3,5-di- 
methoxybenzaldehyde 

1.655 

0.828 

0.82 

100 

±5.5  (4) 

“  Analysis  accomplished  with  reagent  prepared  from  1M  AgN03. 
b  Figures  in  parentheses  indicate  number  of  determinations. 


of  the  aldehyde  to  a  minimum.  The  Tollen’s  reagent  used  in  this  study 
was  prepared  by  pipetting  5.00  ml  of  1.0M  silver  nitrate  into  a  beaker 
and  adding  1.00  ml  of  6 M  sodium  hydroxide  solution  and  2.00  ml  of 
concentrated  ammonia.  The  volume  of  this  reagent  found  to  produce  the 
optimum  time  required  for  the  quantitative  recovery  of  p-chloro- 
benzaldehyde  was  0.50  ml. 

The  results  of  the  analysis  of  some  mixtures  of  aldehydes  appear  in 
Table  19.  It  was  learned  that  each  aldehyde  in  a  mixture  reacts  indepen¬ 
dently,  and  the  reaction  time  required  for  the  quantitative  recovery  of  the 
total  aldehyde  content  of  the  sample  is  approximately  the  same  time 
required  for  the  quantitative  recovery  of  the  slower  reacting  component 

in  a  mixture. 

the  hammett  relationship.  The  existence  of  a  Hammett  relationship 
(Fig.  2.7)  among  substituted  benzaldehydes  was  considered  as  a  means  of 
systematizing  their  reactivity.  The  Hammett  relationship  is  defined  as 

follows: 

log  k/k'  =  pa 

where  k  is  the  rate  constant  of  the  substituted  benzaldehyde,  k'  is  the  rate 
constant  of  benzaldehyde,  p  is  a  measure  of  the  sensitivity  of  the  reaction 
rate  to  changes  in  the  <x  value  of  the  substituent,  and  c  is  the  Hammett 
substituent  constant.  Since  k  is  inversely  proportional  to  the  half-life  ol 
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Fig.  2.7.  The  Hammett  relationship  for  the  oxidation  of  substituted  benzaldehydes  with 
Tollen’s  reagent. 


the  reaction  t1/2,  the  equation  may  be  rewritten 

Iog  fW*i/2  =  per 

Under  the  conditions  used  in  this  study,  p  =  + 1.8,  indicating  that  sub¬ 
stituents  will  greatly  affect  the  reactivity  of  the  substituted  benzaldehyde 
The  practical  significance  of  the  large  absolute  value  of  the  slope  in  Fig. 
2.7  is  illustrated  by  a  comparison  of  the  rate  curves  for  p-nitrobenzal- 
dehyde  (cr -+0.778)  and  p-tolualdehyde  (cr  =  - 0.170)  in  Figs.  2.8  and 
Z9.  A  comparison  of  rate  curves  for  3,5-dimethoxybenzaldehyde  and  p- 
chlorobenzaldehyde  (Figs.  2.10  and  2.11)  indicate  that,  in  some  cases 
multiple  subsntuents  wifi  have  an  additive  effect  on  the  reactivity,  since 
,  ,  ,°'22J  for  P"chlorobenzaldehyde  and  cr  =  0.115  x  2  =  +0  230  for 
3,5-dimethoxy.  p-Methoxybenzaldehyde  (a  =  -0.268)  does  not  undergo 
a  quantitafiye  reaction  with  Tollen’s  reagent  either  at  the  micromolar  or 
the  mill, molar  level.  Since  the  oxidation  is  slow,  the  side  reacTons  o 
ammonia  and  the  aldehyde  to  form  the  substituted  hydroxybenzamide 
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Fig.  2.8.  Reaction  versus  time  curve  for  p-nitrobenzaldehyde. 


may  occur  to  a  significant  extent  (93).  p-Acetamidobenzaldehyde  ( cr  = 
0.00)  should  react  at  approximately  the  same  rate  as  benzaldehyde. 
However  quantitative  recoveries  were  not  obtained,  presumably  because 
p-acetamidobenzaldehyde  hydrolyzes  under  the  experimental  conditions 
to  p-aminobenzaldehyde,  which  may  then  condense  with  another 
molecule  of  p-aminobenzaldehyde  to  form  the  resultant  imine.  Further  p- 
aminobenzaldehyde  (<x  =  0.66)  would  be  quite  unreactive.  Vanillin  (4- 
hydroxy-3-methoxybenzaldehyde)  did  not  react  under  the  experimental 


,  J.  Org.  Chem .,  29,  1986  (1964). 


93.  Y.  Ogate,  A.  Kawasaki,  and  N.  Okumura 
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Fig.  2.10.  Reaction  versus  time  curve  for  3,5-dimethoxybenzaldehyde. 


conditions  after  a  period  of  3  hours.  The  additive  effect  of  p-0~  (a  = 
-1.00)  and  m-OCH3  (<x  =  0.115)  may  be  used  to  predict  that  overall 
vanillin  should  be  quite  unreactive  at  the  concentration  in  this  work 
(1.00  jttM/ml). 

The  results  of  the  analysis  of  p-nitrobenzaldehyde  (1.07  p,M/ml)  con¬ 
taining  750  ppm  potassium  chloride  appear  in  Table  17.  It  was  observed 
that  sufficient  ammonia  is  present  in  the  reagent  to  just  dissolve  any  silver 
chloride  that  precipitated.  Larger  amounts  of  chloride  present  in  a  sample 
would  probably  require  additions  of  ammonia,  which  would  decrease  the 
rate  of  reaction. 
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A  solution  of  p-nitrobenzaldehyde  (1.00  p M/ml)  in  pure  ethanol  was 
prepared  and  subsequently  analyzed  for  aldehyde  content  to  determine 
the  effect  of  the  solvent  on  reactivity.  Blank  values  were  somewhat  higher 
in  this  solvent  (equivalent  to  about  0.4  pM  RCHO);  however  they  were 
reproducible  and  were  not  a  function  of  time.  When  1.00  ml  of  the 
Tollen’s  reagent  is  added  to  a  1.00-ml  sample  of  ethanol,  a  precipitate  of 
silver  oxide  is  immediately  observed.  The  addition  of  approximately 
0.2  ml  of  1:1  ammonia-water  is  required  to  dissolve  the  silver  oxide 
precipitate.  The  results  of  this  determination  appear  in  Table  17.  Two 
hours  is  required  to  obtain  quantitative  recovery  of  1.00  pM  of  p- 
nitrobenzaldehyde.  Therefore  the  use  of  ethanol  as  a  solvent  for  aldehyde 
in  this  procedure  is  not  recommended  at  the  aldehyde  concentrations  of 
the  order  of  1.00  pM  per  milliliters. 


so3h 


h2n 


— c— 


NHS02H  +  2RCHO 


nhso2h 


so3h 


nhso2chr 


OH 


nhso2chr 


OH 

+  H2S03 
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Carboxylic  Acids,  Salts,  Esters, 
Amides,  Imides,  Chlorides, 
and  Anhydrides 


Carboxylic  Acids 


Carboxylic  acids  are  generally  moderately  strong  acids.  The  bulk  of  the 
existing  carboxylic  acids  have  dissociation  constants  of  1(T5,  of  the  order 
of  acetic  acid  or  benzoic  acid.  The  structure  of  the  acid  has  a  minor 
influence  on  the  acid  strength  of  the  carboxyl  group,  but  substituents  on 
the  molecule  can  have  marked  affects  on  the  acidity.  For  example,  all  the 
aliphatic  acids,  branched  and  straight  chained,  have  quite  similar  dissocia¬ 
tion  constants  (see  Table  1)  (1).  Substituents  such  as  halogens,  nitro 
groups,  hydroxyl  groups  and  other  carboxyl  groups,  however,  noticeably 
intensify  the  acidity  of  the  carboxyl  groups.  Table  2  shows  the  effect  of 
substituents  in  acetic  and  benzoic  acids. 


The  effect  of  these  substituents  on  acid  strength  is  a  function  of 
proximity  of  these  substituents  to  the  carboxyl  group.  Hence  on  aliphatic 
acids  the  alpha  substituents  show  the  strongest  effect  (Table  3)  and  on 

aromatic  acids  ortho  substituents  have  a  more  enhanced  effect  than  meta 
or  para  (Table  4). 

It  is  quite  evident  from  the  dissociation  values  in  Table  3  that  the 
majority  of  carboxylic  acids  are  readily  titratable  with  sodium  hydroxide 
using  no  special  conditions,  reagents,  or  indicating  systems. 

,.The  pKa  values  also  indicate  that  various  carboxylic  acids  can  be 
i  erentiated  by  titration  with  base.  For  example,  o-phthalic  acid  can  be 

!f~  •  benzoic  acid  by  a  potentiometric  titration.  The 
p  thahc  acid  yields  two  inflection  points  in  the  titration,  one  for  each  acid 

fheTecondTfle3?  ^  ^  ^  inflection  Point’  which  coincides  with 
the  second  inflection  point  for  phthalic  acid.  Hence  the  phthalic  acid 

content  in  a  mixture  can  be  computed  from  the  first  inflection  point  and 

ssr  m  ,he  “con<i' The  ben“k  >dd  « o£„« d“j 

..  t 'rP“  dissolra  in  wa“r- 

<»«, « .i.. — causae « 

1.  H.  A.  Brande  and  F.  C  NarhrxH  • 

Methods ,  Academic  Press,  New  York,  1 95^!  7 3-688^ ” ^  StmCtUres  hy  Phy sical 
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Table  1 

Acid  pKa 


Acetic 

4.76 

Propionic 

4.88 

^-Butyric 

4.82 

iso-Butyric 

4.86 

/?-Valeric 

4.86 

iso-Valeric 

4.78 

Hexanoic 

4.88 

Heptanoic 

4.89 

Octanoic 

4.90 

Nonanoic 

4.95 

advisable  when  one  is  working  with  acids  of  unknown  strength;  an 
appropriate  indicator  can  be  chosen  when  the  pH  at  the  titration  break 
has  been  determined. 

For  water-insoluble  samples  or  samples  that  give  poor  titration  curves 
in  an  aqueous  system,  a  nonaqueous  system  can  be  used.  Much  sharper 
breaks  are  obtained  for  weak  acids  in  acetone,  dimethylformamide,  and 
methanol-benzene,  than  are  obtained  in  water.  Out  of  these  three,  at 
least  one  solvent  can  be  found  that  will  dissolve  stubborn  samples. 

In  the  acetone  solvent,  the  sample  can  be  titrated  with  0.1N  alcoholic 

Table  2“ 


pKa 


Substituent 

Acetic  Acid 

n-Benzoic  Acid 

4.76 

4.20 

—Cl 

2.86 

2.94 

— Br 

2.86 

2.85 

—OH 

3.83 

2.98 

—NO., 

1.68 

2.17 

— COOH 

3.40 

2.98 

(malic  acid) 

(o-phthalic  acid) 

— C=N 

2.43 

— 

— SH 

3.67 

— 

— NH, 

— 

4.91 

ch5n’h 

— 

5.33 

(CH3)2N— 

— 

8.42 

“  From  Ref.  1. 
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Table  3° 

Substituent  Propionic  pKa  Butyric  pKa 


None 
oc-Cl 
/5-C1 
y-C  1 

4.88 

2.80 

4.08 

4.82 

2.84 

4.06 

4.52 

a-Br 

2.98 

2.99 

p-Br 

4.02 

— 

y- Br 

— 

4.58 

a-OH 

3.86 

4.22 

p-OH 

4.51 

4.52 

y- OH 

— 

4.72 

a-SH 

3.70 

— 

p-SH 

4.34 

— 

a  From  Ref.  1. 

Table  4 

Substituent 

pKa 

Acid 

Group 

Ortho 

Meta 

Para 

Benzoic  (pKa 

=  4.2)  None 

— 

— 

— 

—Cl 

2.94 

3.83 

3.99 

— Br 

2.85 

3.81 

4.00 

—OH 

2.98 

4.08 

4.58 

— COOH 

2.98 

3.46 

3.51 

— no2 

2.17 

3.45 

3.44 

ch3nh— 

5.33 

5.10 

5.04 

(CH3),N— 

8.42 

5.10 

5.03 

(methanol)  caustic.  The  ordinary  glass  and  calomel  electrodes  can  be  used 
in  potentiometric  titrations  in  this  solvent. 

In  dimethylformamide  (2),  the  sample  can  be  titrated  with  0.1  to  0.2 N 
sodium  methylate  in  benzene-methanol.  (About  5  grams  of  sodium  is 
cleaned  with  methanol  and  then  dissoved  in  100  ml  of  absolute  methanol. 
Cooling  in  ice  water  may  be  necessary  at  times  to  slow  down  the  reaction 
When  all  the  sodium  has  reacted,  150  ml  of  methanol  and  1500  ml  of 
benzene  are  added.)  Thymol  blue  in  a  0.3%  solution  in  methanol  can 

2.  J.  S.  Fritz,  Acid-Base  Titrations  in  Nonaqueous  Solvents,  G.  Frederick  Smith  Co 
Columbus,  Ohio,  1952,  pp.  28-9. 
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often  be  employed  as  indicator.  The  glass  and  calomel  electrodes  can  be 
used  in  this  solvent,  as  can  the  antimony-calomel  electrodes. 

Benzene-methanol  (3)  is  a  good  solvent  for  titrating  acids.  The  titrant  is 
the  same  as  that  used  in  dimethylformamide.  The  authors  claim  that  an 
antimony  versus  a  calomel  electrode  should  be  used,  and  that  a  little 
lithium  chloride  should  be  added  to  decrease  the  resistance  in  the 
solutions.  However,  S.  Siggia  has  been  able  to  use  the  glass  and  calomel 
electrodes  satisfactorily  without  electrolyte.  There  may  be  a  difference  in 
behavior  of  the  electrodes  depending  on  the  materials  being  determined, 
so  it  is  best  to  keep  both  electrode  systems  in  mind,  in  case  one  fails  to 
operate  in  the  analysis  being  made. 

If  the  particular  carboxylic  acids  being  analyzed  happen  to  be  unusually 
weak,  that  is,  dissociation  constants  smaller  than  1CT6,  the  nonaqueous 
titration  systems  used  for  enols  and  phenols  (pp.  46-57)  can  be  applied. 
These  cases,  however,  do  not  arise  often. 


TITRATION  OF  DILUTE  AQUEOUS  SOLUTIONS  OF  AMINO  ACIDS 

The  carboxyl  group  of  amino  acids  is  not  strong  enough  in  aqueous 
solution  to  permit  direct  titration  with  standard  base  because  of  the 
influence  of  the  amino  group  present  in  the  molecule.  However,  the 
amino  group  may  be  effectively  masked  by  reaction  with  an  aldehyde  to 
form  a  Schiff  base.  By  this  reaction,  as  in  the  elimination  of  the  basicitly 
of  primary  amines  in  mixtures  of  amines  (p.  581),  the  titration  of  the  acid 

group  is  possible. 

nh2  n=ch2 

RCHCOOH  +  HCHO  -*  RCHCOOH  +  H20 

A  procedure  based  on  this  reaction  was  first  proposed  by  Sorensen  (4) 
and  was  subsequently  adopted  and  widely  used  by  many  workers,  as 
noted  by  Taylor  (5).  The  following  method  was  developed  for  amino  acids 

in  lemon  juice  but  is  generally  adaptable. 

Method  of  C.  E.  Vandercook,  A.  Rolle,  and  R.  M.  Ikeda 

[Adapted  from  J.  Assoc.  Off.  Agr.  Chem.,  46,  353  (1963)] 

Titrate  a  quantity  of  37%  formaldehyde,  which  can  be  used  within  an 
hour  to  a  pH  of  8.4  with  0.04N  sodium  hydroxide  solution.  Use  a  pH 

»  S'  ,he  N„„.liz.  .  25-.nl  *‘1”“^“” 

the  sample  containing  1  to  3  meq  of  amino  acid  to  pH  8.4.  Make 

3.  J.  S.  Fritz  and  N.  M.  Lisicki,  Anal.  Chem..  23,  589  91  (1951). 

4.  S.  P.  L.  Sorensen,  Biochem.  Z.,  7,  45  (1907). 

5.  W.  H.  Taylor,  Analyst,  82,  488  (1957). 
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adjustment  with  0.04N  acid  or  base.  Add  10  ml  of  the  formaldehyde 
solution  and  titrate  the  resulting  acidity  to  pH  8.4  with  standard  0.04 N 
sodium  hydroxide  solution. 


Carboxylic  Acid  Salts 


Salts  of  carboxylic  acids  are  generally  weak  bases;  however  the  ionic 
strength  of  the  salt  can  be  relatively  evaluated  from  the  strength  of  the 
corresponding  free  acid.  Thus  the  salts  of  the  same  cation  with  the  acids 
listed  in  Table  1  will  all  have  essentially  the  same  character.  As  the  acid 
strength  of  the  free  acid  increases,  the  basic  strength  of  the  salts  de¬ 
creases. 

The  most  applicable  method  for  determining  carboxylic  acid  salts  is 
direct  titration  with  standard  acid.  The  common  carboxyl  salts,  the 
sodium  and  potassium  salts  of  unsubstituted  acids  such  as  those  in  Table 
1,  however,  are  too  weak  to  be  titrated  accurately  and  precisely  in 
aqueous  media.  Indicator  end  points  are  vague,  and  potentiometric  end 
points  are  correspondingly  poor.  Titration  of  these  salts  is  best  carried  out 
in  nonaqueous  media.  The  only  carboxylic  acid  salts  that  can  be  ade¬ 
quately  titrated  in  water  solution  are  the  salts  of  amino  acids.  The  amino 
group  enhances  the  basicity  of  the  salt. 


The  solvents  that  are  most  useful  for  titrating  carboxylic  acid  salts  are 
glacial  acetic  acid  and  mixtures  of  glycols  with  other  solvents.  The  acetic 
acid  solvent  has  the  advantage  of  generally  making  possible  the  sharpest 
end  points.  The  glycol-solvent  mixtures  do  not  usually  yield  as  sharp  end 
points  as  acetic  acid,  but  they  are  generally  better  solvents,  and  the 
mixtures  can  be  varied  to  dissolve  a  wide  range  of  materials.  Further¬ 
more,  the  glycol-solvent  mixtures  usually  permit  better  differentiation  of 
multiple  bases  present  in  the  same  mixture;  acetic  acid  generally  yields 
only  one  end  point,  including  all  bases  in  the  sample. 

In  addition  to  the  titration  methods,  there  is  a  combustion  method  for 
determining  carboxylic  acid  salts.  This  involves  burning  the  sample  in 
which  case  the  carboxyl  salt  is  converted  to  the  corresponding  carbonate 
The  carbonate  is  then  determined.  This  combustion  approach  is  not  as 
general  or  as  simple  to  apply  as  is  the  titration  approach;  however  it  has 

c,,ta>" sa"' and  ai“ ,o  mix,"rei »' 
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with  almost  any  other  solvent,  that  is,  alcohols,  hydrocarbons  (aromatic 
and  aliphatic),  chlorinated  compounds,  and  ethers.  In  general,  the  com¬ 
position  of  these  mixtures  can  vary  widely,  but  when  nonpolar  cosolvents 
are  used,  the  glycol  content  of  the  solvent  mixtures  should  be  greater  than 
25%  to  obtain  potentiometric  measurements.  Furthermore,  with  nonpo¬ 
lar  cosolvents  such  as  benzene,  chloroform,  and  petroleum  ethers,  prop¬ 
ylene  glycol  is  the  glycol  of  choice,  since  it  will  mix  with  these  solvents. 
Ethylene  glycol  is  not  miscible  with  the  nonpolar  solvents. 

The  most  generally  applicable  solvent  mixture  of  this  type  is  ethylene 
glycol-isopropanol,  which  has  a  wide  range  as  a  solvent  and  yields  good 
end  points  for  carboxylic  acid  salts. 


Method  of  S.  Palit 

[ Ind .  Eng.  Chem.,  Anal.  Ed.,  18,  246-251  (1946)] 

This  method  involves  the  use  of  special  solvent  mixtures  in  which  the 
end  point  during  standard  acid  addition  is  sharper  than  in  water.  These 
solvents  are  mixtures  of  a  glycol-type  solvent  and  a  solvent  for  hydrocar¬ 
bons,  such  as  hydrocarbons  themselves,  alcohol,  and  chlorinated  hyd¬ 
rocarbons.  The  solution  can  be  titrated  directly  with  hydrochloric  acid  or 
perchloric  acid  dissolved  in  the  same  solvent  mixture.  Indicators  or  a  pH 
meter  can  be  used  to  indicate  the  end  point. 


Glycols  are  good  solvents  for  salts  of  carboxylic  acids;  this  solubility  is 
attributed  to  hydrogen  bonding  between  the  solvent  and  solute.  The 
hydrocarbons  in  the  solvent  mixture  contribute  to  the  solution  of  salts  of 
ir»n o-rhain  fattv  acids  and  also  contribute  to  the  sharpening  of  the  end 


solubility. 


Any  free  stroi 
determined,  since 
in  the  pH  versus 
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salt.  A  pH  meter  or  separate  indicators  for  the  free  base  and  the 
carboxylic  acid  salt  can  be  used  to  indicate  the  two  end  points. 

Both  hydrochloric  and  perchloric  acids  give  satisfactory  results.  The 
latter  is  more  advantageous  in  titrating  concentrated  solutions,  since  the 
perchlorate  formed  is  more  soluble  in  the  special  solvent  than  the 
chloride  and  consequently,  does  not  produce  a  turbidity  during  the 
titration. 


PROCEDURES 


potentiometric  method.  Weigh  a  sample  of  about  0.01  to  0.04  mole  of 
salt  into  a  150-ml  beaker  together  with  40  ml  of  a  1:1  ethylene  glycol- 
isopropyl  alcohol  or  other  appropriate  solvent  mixture,  depending  on  the 
material  being  determined.  (See  foregoing  discussion  for  details.)  Use  the 
standard  Beckman  pH  meter  electrodes  (glass  and  calomel).  Adjust  the 
electrodes  with  an  aqueous  buffer  at  pH  7.  Rinse  the  electrodes  with 
water,  gently  wipe  with  cleansing  tissue,  and  immediately  immerse  in  the 
solution.  Steady  readings  are  usually  obtained  in  2  minutes.  Add  0.5  to 
I  ON  acid  (perchloric  or  hydrochloric)  in  the  same  solvent  mixture  as 
used  for  the  sample  from  a  50-ml  buret.  The  readings  are  taken  in  the 
usual  manner.  The  pH  readings  have  no  absolute  significance  in  these 
solvents,  but  the  sharp  break  in  the  pH  versus  milliliters  of  acid  curve  is 
the  change  sought. 

indicator  method.  Weigh  a  sample  of  about  0.004  mole  of  salt  into  a 
125-ml  Erlenmeyer  flask  and  dissolve  in  a  minimum  of  1:1  ethylene 
glycol-isopropanol  or  other  convenient  solvent.  Quick  solution  can  be 
brought  about  by  adding  10  ml  of  the  glycol  to  soften  the  sample, 
warming  the  sample  if  necessary.  After  the  sample  is  well  swollen,  add  an 
equal  volume  of  isopropanol  or  other  solvent  (usually  chororform  is  used 
as  alternate)  and  dissolve  the  sample.  Add  3  to  5  drops  of  a  0.05% 
alcoholic  solution  of  methyl  red  (or  methyl  orange),  and  titrate  the 
solution  with  standard  0.2N  perchloric  acid  in  1:1  glycol-isopropanol 
so  ution  to  the  pink  color.  (Chloroform  sometimes  requires  a  blank 
because  of  the  free  hydrochloric  acid  it  may  contain.) 

Sodium  salts  of  acetic,  propionic,  butyric,  oleic,  stearic,  cinnamic,  and 

benzoic  acids  give  satisfactory  results  by  these  methods.  Salts  of  acids 

stronger  than  formic  acid  (K  =  2.1x10-)  cannot  be  titrated  without 
losing  some  accuracy.  lIluul 

Acidic  or  basic  impurities  in  the  sample  will  interfere  Weak  bases  snrh 
..  .r«.,,c  amines  can  be  defined  by  me,  J“ee ““ 
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TITRATION  IN  GLACIAL  ACETIC  ACID 

Glacial  acetic  acid  has  been  used  very  successfully  for  titrating  carbox¬ 
ylic  acid  salts.  The  details  for  this  procedure  can  be  found  on  page 
545,  where  the  titration  of  amines  is  discussed.  The  procedure  was 
tested  with  sodium  acetate,  sodium  propionate,  sodium  benzoate,  sodium 
stearate,  sodium  citrate,  potassium  formate,  potassium  oxalate,  and  cal¬ 
cium  gluconate,  and  was  found  to  be  very  neat  and  easily  applied.  Very 
good  indicator  end  points  are  obtained,  but  potentiometric  titration  can 
also  be  used  with  the  ordinary  pH  meter  and  glass  and  calomel  elec¬ 
trodes.  Precisions  of  ±0.3%  are  easily  attained.  This  solvent  system 
usually  gives  sharper  titration  curves  than  the  glycol-isopropanol  system, 
but  the  glycol-isopropanol  system  has  the  advantage  of  the  flexibility  of 
solvent  for  dissolving  many  different  types  of  samples. 


COMBUSTION  METHOD 

Adapted  from  the  Combustion  Method  of  Siggia  and  Maisch 

[ Ind .  Eng.  Chem.,  Anal.  Ed.,  20,  235-6  (1948)] 

This  method  is  rather  simple  in  application  and  principle.  The  salt  of  a 
carboxylic  acid  is  oxidized  to  the  corresponding  carbonate,  and  the 
carbonate  is  determined  acidimetrically. 


REAGENTS 

0.5 N  Aqueous  sulfuric  acid. 

0.5 N  Aqueous  sodium  hydroxide. 
Phenolphthalein  indicator— methyl  red  indicator. 


PROCEDURE 

Weigh  a  sample  containing  about  0.02  equivalent  of  carboxylic  acid  salt 
into  a  platinum  crucible.  Platinum  is  used  because  the  carbonate  will  react 
with  porcelain.  Ignite  the  contents  until  all  traces  of  carbon  have  been 
burned  off.  Cool  the  crucible  and  drop  it  into  a  250-ml  beaker  contain  « 
50  ml  of  standard  0.05N  sulfuric  acid.  Use  a  watch  glass  to  cover 
beaker  and  prevent  loss  of  solution  by  spraying  during  the  evolution  o 
carbon  dioxide.  Boil  the  solution  for  20  to  30  minutes  to  drive  off  all  the 
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dissolved  carbon  dioxide.  Cool  the  contents  and  titrate  the  excess  acid 
with  standard  0.5 N  sodium  hydroxide,  phenophthalein  indicator  being 
used.  With  barium  and  calcium  salts,  methyl  red  indicator  must  be 
substituted  and  hydrochloric  acid  should  be  used  instead  of  sulfuric  acid, 
since  it  is  more  efficient  in  effecting  solution  of  the  carbonates.  Barium 
and  calcium  sulfates,  being  insoluble,  make  solution  of  the  carbonate  in 
sulfric  acid  difficult.  The  ignition  residues  dissolve  readily  in  hydrochloric 
acid.  To  avoid  loss  of  hydrochloric  acid  during  boiling,  however,  it  is  best 
to  titrate  the  excess  acid  with  standard  alkali  as  soon  as  the  ignition 
residue  is  dissolved.  Then  make  the  solution  barely  acid  with  hydrochloric 
acid.  The  solution  can  then  be  boiled  to  eliminate  the  carbon  dioxide 
without  appreciable  loss  of  hydrochloric  acid.  Titrate  the  solution  to  the 
end  point. 

CALCULATIONS 

A  =  milliliters  of  alkali  needed  to  titrate  all 
standard  acid  used  in  analysis 

B  =  milliliters  of  alkali  used  in  titration  of  sample 
A  -  B  =  milliliters  of  alkali  equivalent  to  carboxylic 
acid  salt  =  C 

CxN  NaOH x mol.  wt.  salt x  100 
Grams  of  sample  x  1000  xfi  =  %  Carboxylic  acid  salt 

B  =  valence  of  cation  on  salt  x  number  of  cation 
atoms  per  molecule  of  salt 

To  test  this  procedure  the  following  were  used:  sodium  acetate,  sodium 
benzoate,  sodium  citrate,  sodium  succinate,  sodium  caprylate,  sodium 
palmitate,  sodium  laurate,  sodium  caprate,  sodium  potassium  ’ tartrate, 
potassium  succinate,  potassium  acid  phthalate,  calcium  acetate,  calcium 

gluconate,  calcium  citrate,  calcium  stearate,  barium  acetate,  and  barium 
tartrate. 

Esters  of  Carboxylic  Acids 

SAPONIFICATION  METHODS 

Esters  may  be  very  simply  determined  using  the  saponification  reaction 

V  ° 

II  # 

RCORj  +  NaOH  — ►  RC — ONa  +  RtOH 
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A  known  excess  amount  of  sodium  hydroxide  is  added  to  the  sample 
and  the  excess  is  determined  by  titration  with  acid.  Since  esters  vary 
widely  in  reactivity,  the  saponification  conditions  used  must  be  varied 
accordingly. 


Cyclic  esters 


\ 


lactones — (CHJ^ 


C 


o 


react  very  rapidly  with  alkali,  in  fact,  so  rapidly  that  they  can  often  be 
titrated  directly  with  standard  alkali  as  we  would  titrate  a  free  acid.  At 
the  other  extreme  of  reactivity,  polymeric  esters,  especially  those  where 
the  ester  groups  are  on  a  polymeric  carbon  chain 


\ 


-CH-(CH2)-CH-(CH2)„-CH- 


c 


o 


/ 


o 


c 


/ 


o 


OR 


OR 


OR 


are  very  difficult  to  saponify,  probably  because  of  steric  hindrance  prob¬ 
lems.  Polyesters,  namely,  condensation  polymers  of  polyfunctional  acids 
and  polyfunctional  alcohols, 

/  o  o  o  o  \ 

\— O— C(CH2)xC— 0(CH2)„0C(CH2)iC— o— / 

are  not  as  stubborn  to  saponification  as  the  aforementioned  polymeric 
esters.  In  the  latter  case,  the  chains  are  broken  by  saponification  and,  as 
the  chain  gets  smaller,  the  reactivity  increases. 


PROCEDURE 

Weigh  a  sample  containing  about  0.01  mole  of  ester  into  a  250-ml 
glass-stoppered  Erlenmeyer  flask  with  a  condenser  to  fit  the  ground  join 
for  use  with  volatile  or  water-insoluble  samples.  To  the  sample  add  5C 
of  0  5N  od^m  hydroxide,  aqueous  if  the  sample  is  soluble  in  water  or 

on  a  steam  bath  (longer  .1  the f  volatile  samples  or  if 
difficulty).  The  heating  should  be  under  renux  tor 
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alcoholic  sodium  hydroxide  is  used.  After  the  specified  length  of  time, 
titrate  the  excess  alkali  with  standard  0.5 N  acid,  using  phenolphthalein 
indicator. 

For  esters  that  saponify  with  difficulty,  amyl  alcohol  can  be  used  as  a 
solvent  instead  of  methanol.  Amyl  alcohol  has  a  higher  boiling  point,  and 
this  will  accelerate  the  reaction.  Potassium  hydroxide  should  be  used  in 
amyl  alcohol  because  it  has  a  greater  solubility  than  sodium  hydroxide  in 
this  solvent.  Also,  concentrations  of  potassium  hydroxide  up  to  5N  can  be 
used  for  saponifying  very  stubborn  esters.  When  this  is  done,  however, 
the  potassium  hydroxide  must  be  standardized  each  day  and  a  blank 
should  be  heated  for  the  same  length  of  time  as  the  sample,  since  some 
hydroxide  is  lost  under  these  extreme  conditions  either  by  reaction  with 
the  glass  or  with  some  impurity  in  the  amyl  alcohol. 

For  samples  insoluble  in  the  alcoholic  solvents  alone,  benzene  can  be 
included.  It  is  a  good  idea  to  dissolve  the  sample  in  enough  benzene  that 
when  the  alcoholic  base  is  added,  the  sample  will  remain  in  solution.  For 
titrating  the  excess  base  in  this  solvent  system  as  well  as  in  the  amyl 
alcohol,  a  standard  solution  of  hydrochloric  acid  in  1 : 1  ethylene  glycol- 
isopropanol  can  be  used.  Use  phenolphthalein  indicator  for  most  cases, 
but  potentiometric  titration  with  the  glass  and  calomel  electrodes  can  also 
be  employed.  These  electrodes  operate  well  in  all  these  solvents  except  in 
the  benzene-alcohol  systems  when  the  amount  of  benzene  exceeds  the 
amount  of  alcohol. 

To  determine  small  quantities  of  esters,  the  normality  of  the  alkali  can 
be  reduced  to  as  low  as  O.OliV.  However  in  these  cases  care  must  be 
taken  to  account  for  reaction  of  the  alkali  with  the  glass  apparatus.  At 
these  low  concentrations,  the  small  amount  of  reaction  becomes  signifi¬ 
cant.  Alkali-resistant  glass  must  be  used,  and  blank  analyses  must  be  run 
to  provide  corrections  for  any  reaction  with  the  glass.  It  is  well  in  these 
cases  to  avoid  long  reaction  times. 


CALCULATIONS 

Milliliters  of  acid  to  titrate  50  ml  of  the  alkali 
minus  milliliters  of  acid  for  sample  =  A 

AxN  acid  x  mol,  wt.  of  ester  x  100 

Grams  of  sample  x  1000  ~  0//°  ester 

samjfie.Va'Ue  °f  A  Sh°U‘d  **  COrrected  for  anV  fr«  base  or  acid  in  the 

The  procedure  was  tested  with  ethyl  acetate,  diethyl  succinate  dihn.vl 

e“l  b?„i“'0‘  n'0n““'1"'  methyl  .c„l„e,  and 
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Amides  constitute  an  interference,  since  they  will  also  hydrolyze  with 
alkali  to  yield  carboxylic  acid  salts.  The  foregoing  procedure  can  be  used 
to  determine  many  amides.  A  longer  time  and  stronger  alkali  for  the 
hydrolysis,  however,  are  generally  required. 

RCONH2  +  NaOH  RCOONa  +  NH3 

The  liberated  ammonia  can  be  dissolved  in  an  excess  of  standard  acid 
and  the  excess  acid  titrated,  or  the  ammonia  can  be  boiled  off  and  the 
excess  alkali  used  in  the  hydrolysis  can  be  titrated. 


TRACE  QUANTITIES  OF  CARBOXYLIC  ESTERS 

As  seen  earlier,  small  quantities  of  esters  can  be  determined  by 
saponification,  but  this  approach  is  not  practical  below  the  100-ppm  level 
of  ester  content.  In  this  low  area,  a  colorimetric  approach  is  preferred. 


Colorimetric  Method 

[ Adopted  from  R.  F.  Goddu,  N.  F.  LeBlanc ,  and  C.  M.  Wright,  Anal.  Chem., 
27,  1251-5  (1955)] 

An  organic  ester,  acid  chloride,  or  anhydride  may  form  a  hydroxamic 
acid  by  the  reactions  shown  in  eqs.  1  to  3.  Most  hydroxamic  acids 
combine  with  ferric  ion  to  form  characteristic  red  to  purple  chelate 
complexes  (eq.  4)  that  can  be  measured  spectrophotometrically.  Work  is 
currently  under  way  to  define  more  clearly  the  value  of  n  in  the 

ferric-hydroxamate  complex  of  eq.  4  (6). 

O 


RCOOR'  +  NH2OH 

OH  >  R  c— NHOH  +  R  OH 

O 

CD 

RCOC1  +  NH2OH 

- RCNHOH  +  HC1 

o 

(2) 

(RC0)20  +  nh2oh 

o 

- *  RC— NHOH  +  RCOOH 

(3) 

l/«Fe+++  +  RC — NHOH 

_ *  R  C  N— H  4-  H+ 

O  O 

Fe/w 

(4) 

6  W.  W.  Brandt,  personal  communication. 
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Hydroxamic  acids  were  first  reported  in  1869  by  Lossen  (7),  who 
observed  that  they  could  be  rearranged  to  isocyanates  (the  well-known 
Lossen  rearrangement).  It  was  not  until  1934,  however,  that  the  analyti¬ 
cal  possibilities  of  the  hydroxamic  acids  were  widely  exploited,  when 
Feigl  and  his  co-workers  (8)  reported  a  spot  test  for  esters  and  anhyd¬ 
rides  based  on  the  color  reaction  described.  Since  then,  the  reaction  has 
been  used  to  detect  and  determine  many  types  of  esters  (9-14),  amides 
(15-17),  anhydrides  (8-18),  and  nitriles  (17).  Very  little  of  this  previous 
work  has  been  concerned  with  a  systematic  study  of  the  reaction  vari¬ 
ables.  To  ascertain  optimum  conditions  for  analytical  determinations,  test 
runs  should  be  made  with  the  compounds  under  investigation. 

APPARATUS 

A  Beckman  Model  B  spectrophotometer  with  1-cm  cells  was  used  for  this 
work.  For  routine  work  a  colorimeter  with  a  525-nm  filter  is  satisfactory. 
Erlenmeyer  flasks  with  T  19x22  glass  joints,  25-ml  capacity. 

Small  condensers  with  T  19x22  glass  joints. 

Reagents 

Hydroxylamine  hydrochloride,  12.5%,  in  methanol. 

Sodium  hydroxide,  12.5%,  reagent  grade,  in  methanol. 


Both  hydroxylamine  hydrochloride  and  sodium  hydroxide  are  prepared  by 
refluxing  12.5  grams  of  the  solid  material  with  100  ml  of  methanol  for  a  few 
minutes.  The  sodium  hydroxide  solutions  are  usually  cloudy  because  of  precipi¬ 
tated  sodium  carbonate.  The  hydroxylamine  hydrochloride  solution  is  about  1.8M 


and  the  sodium  hydroxide  is  3  AM. 


1 —  ***''  m»wuui  io  auucu, 


I  of  iron  wire  into  a  50-ml  beaker.  Add  10  m) 
a  hot  plate  at  low  heat  until  the  iron  dissolves 
very  rapidly  when  the  acid  is  hot.  Cool  the 
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beaker  and  transfer  the  contents  to  a  100-ml  volumetric  flask  with  10  ml  of  water 
and  dilute  to  volume  with  anhydrous  2B  alcohol,  cooling  under  a  tap  as  the 
alcohol  is  added. 


REAGENT  SOLUTION 

Prepare  the  reagent  solution  by  adding  40  ml  of  stock  solution  to  a  1-liter 
volumetric  flask.  Add  12  ml  of  70%  perchloric  acid  and  dilute  to  volume  with 
anhydrous  2B  alcohol.  The  dilution  should  be  carried  out  by  adding  the  alcohol  in 
50-  to  100-ml  increments  and  cooling  between  each  addition  until  the  perchloric 
acid  has  been  diluted  to  about  10%  of  its  orginal  concentration.  The  ferric  ion 
concentration  of  this  solution  is  5.7  mM  and  the  acid  concentration  is  0.16M. 

All  esters  were  used  without  extensive  purification  and  were  of  a  purity  roughly 
equivalent  to  Eastman  grade  of  Distillation  Products  Industries. 


RECOMMENDED  PROCEDURES 

procedure  for  determination  of  esters.  Prepare  the  alkaline  hydrox- 
ylamine  reagent  by  mixing  equal  volumes  of  12.5%  hydroxylamine  hy- 
drochloride  and  12.5%  methanolic  sodium  hydroxide  and  filtering  off  the 
precipitated  sodium  chloride  on  Whatman  No.  40  paper.  The  clear 

filtered  reagent  solution  is  usable  for  4  hours. 

The  sample  should  be  dissolved  in  anhydrous  2B  ethanol  or  one  of  the 
other  solvents  mentioned  below.  The  concentration  of  substance  to  be 
determined  should  be  between  0.01  and  0.001M.  Pipet  5  ml  of  the 
sample  solution  into  a  25-ml  flask  with  a  ground-glass  joint.  (If  a  more 
concentrated  solution  is  to  be  analyzed,  or  if  a  calibration  curve  ,s  to  be 
drawn  up,  a  smaller  volume  of  sample  should  be  used  and  enough  solvent 
added  to  make  the  total  volume  of  5  ml  in  the  flask-e.g.,  2  ml  of  sample 
and  3  ml  of  solvent.)  Add  3  ml  of  the  filtered  alkaline  reagent  solutmn lt0 
each  sample  flask  and  to  a  blank  that  contains  5  ml  of  solvent.  Add  a 
boiling  chip  to  each  flask,  then  place  the  flasks  on  a  hot  plate  on  low  heat 
and  attach  reflux  condensers.  Reflux  the  samples  for  5  minutes.  Then 
remove  the  flasks  from  the  hot  plate  (the  condensers  are  not  washed 

to  volume  with  the  reagent.  Shake the  flasks  to  ens  p  ^ 

of  the  initially  precipitated  ferric  hydroxide. .Mux  s'^  ^ 

the  absorbance  of  the  samples 3g The  wavelength  of  maximum  absorb- 

spectrophotometer  or  colorimeter.  The  w  ve^engt  ^  £urve 

ance  varies  according  to  the  type  ot  ester,  m  y 
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using  the  same  ester  as  that  to  be  determined  or,  less  preferably,  an  ester 
of  the  same  acid  as  the  acid  portion  of  the  ester  to  be  determined.  Use 
the  same  solvent  in  all  cases. 

If  a  mixture  of  anhydride  and  ester  is  to  be  analyzed  for  both  con¬ 
stituents,  a  calibration  curve  for  the  anhydride  must  also  be  run  under  the 
conditions  for  the  ester  determination.  The  concentration  of  anhydride  is 
determined  under  neutral  hydrolysis  conditions.  Then  the  absorbance  due 
to  that  concentration  of  anhydride  under  basic  hydrolysis  conditions  is 
subtracted  from  the  observed  absorbance  prior  to  calculating  the  ester 
content. 

PROCEDURE  FOR  ANHYDRIDES  AND  LACTONES  IN  PRESENCE  OF  ESTERS.  Prepare 

the  hydroxylamine  reagent  by  neutralizing  a  portion  of  the  methanolic 
hydroxylamine  hydrochloride  to  a  phenolphthalein  end  point  by  the 
addition  of  the  12.5%  methanolic  sodium  hydroxide.  Filter  the  precipi¬ 
tated  sodium  chloride  on  Whatman  No.  40  paper.  The  clear  filtered 
reagent  is  usable  for  at  least  4  hours. 

The  sample,  if  anhydride,  should  be  dissolved  at  a  concentration  of 


0.01  to  0.001M  in  benzene  that  has  been  suitably  dried — for  example, 
dried  over  anhydrous  calcium  sulfate  for  24  hours.  Lactones  and  esters 

may  be  dissolved  in  any  of  the  ethers,  alcohols,  or  hydrocarbons  referred 
to  below. 

The  procedure  for  carrying  out  the  analysis  is  exactly  the  same  as  that 
used  for  the  ester  determination,  except  that  a  10-minute  reflux  time 
should  be  used.  Calibration  curves  should  be  made  with  known  concen¬ 
trations  of  anhydride  or  lactone  by  plotting  the  observed  absorbance 

against  concentration.  The  calibration  curves  are  not  always  straight  lines 
under  these  neutral  conditions. 

investigation  of  hydroxylaminolysis  conditions.  The  determination  of 
esters  involves  the  reaction  of  an  ester  with  hydroxylamine  in  alkaline 

solnt.on  to  form  a  hydroxamic  acid.  An  acid  ferric  perchlorate  solution  is 
then  added  to  form  the  colored  chelate  complex 

Previous  investigators  had  found  that  many  esters  would  react  at  room 

rathPera  ref’  l-iUS  thC  firSt  variable  considered  was  reaction  time  at  25°C, 

and  sodiumTn  US'f8  l2'5%  so,utlons  of  hydroxylamine  hydrochloride 
(14)  if  was  found*'*  Jnfmethano1’  concentrations  used  by  Thompson 

s 

temperature  ,„d  time  .ere  atudied  over  «  .S"  J&fs?  a! 


Table  5.  Effect  of  Time  and  Temperature  on  Hydroxamic  Acid  Formation 


Methyl  Oleate  Ab20  Methyl  /?-Toluate  ASb0 


Time, 

min. 

At 

26°C 

At 

55°C 

At 

Reflux 

At 

26°C 

At 

55C 

At 

Reflux 

5 

0.670 

0.858 

0.963 

0.290 

0.630 

1.058 

10 

0.808 

0.880 

0.480 

15 

0.860 

0.753 

0.625 

30 

0.940 

0.845 

Color  development  conditions  were  hydrogen  ion  concentration  0.3 M  and 
ferric  ion  concentration  2.4  mM.  A\  =  absorbance  at  wave  length  A. 


Fig.  3.1.  Effect  of  time  of  reaction  between  acetate  ester 
and  hydroxylamine  at  25°C. 


176 


Carboxylic  Acids 


177 


elevated  temperatures  the  reaction  to  form  the  hydroxamic  acid  proceeds 
more  swiftly,  but  prolonged  exposure  to  high  temperature  may  cause 
decomposition  of  the  hydroxamic  acid.  For  general  use,  a  5-minute  reflux 
(temperature  approximately  72°C)  has  been  found  most  satisfactory  and 
applicable  to  all  cases  in  which  it  is  possible  to  form  a  colored  ferric 
hydroxamate  complex.  Room-temperature  reactions  may  be  used  for 
limited  number  of  esters. 

investigation  of  color  development  conditions.  There  are  two  inde¬ 
pendent  variables  in  the  color  development  conditions — the  concentration 
of  ferric  ion  used  to  complex  hydroxamic  acid  and  the  concentration  of 
hydrogen  ion  present  in  the  solution. 

An  investigation  of  the  effect  of  the  concentration  of  ferric  ion  neces¬ 
sary  for  maximum  color  development  (Fig.  3.2)  showed  that  maximum 
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color  is  obtained  with  ferric  ion  concentrations  equal  to  or  greater  than 
2  mM.  In  the  final  procedure  the  ferric  concentration  is  4.8  mM.  Since  the 
usual  concentrations  of  esters  in  the  color  development  solution  are  from 
0.1  to  1.0  mM,  there  is  at  least  a  4.8-fold  molar  excess  of  ferric  ion 
present  at  all  times. 

The  second  variable  in  the  color  development  was  the  amount  of  excess 
acid  desirable  over  that  necessary  to  neutralize  the  sodium  hydroxide 
required  for  the  saponification.  The  curves  in  Fig.  3.3  indicate  that  too 
high  an  acidity  will  hinder  color  development,  but  at  acidities  less  than 
0.6M  satisfactory  colors  are  obtained.  A  closer  investigation  of  the  effect 
of  acidity  (Table  6)  indicates  that  at  low  acidities  the  color  from  a  given 
sample  is  marginally  more  intense  and  that  the  color  is  much  more  stable. 
As  a  result,  a  procedure  was  adopted  in  which  the  acid  concentration 
after  neutralization  of  the  sodium  hydroxide  is  0.1M  The  colors  thus 
formed  are  stable  for  several  hours.  Previous  ferric  hydroxamic  acid 
procedures  have  been  plagued  with  color  instability  unless  hydrogen 
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Table  6.  Effect  of  Hydrogen  Ion  Concentration  on 
Color  Intensity  and  Stability  of  Ferric- 
Acethydroxamic  Acid  Complex 


(4.8  mM.  ferric  ion;  0.76  mM.  butyl  acetate) 


Molarity  of 
Perchloric  Acid 

Absorbance 
at  530  m// 

Fading  Rate, 
%  per  hour 

0.036 

0.805 

Negligible 

0.09 

0.810 

0.05  to  0. 10 

0.22 

0.780 

— 

0.46 

0.760 

— 

0.71 

0.755 

0.8 

0.95 

0.748 

— 

1.20 

0.750 

6.0 

peroxide  was  added  to  eliminate  the  excess  hydroxylamine,  as  suggested 
by  Hill  (12). 

solvents.  Since  solvents  other  than  ethanol  are  often  necessary  or 
desirable,  several  have  been  tried  (Fig.  3.4).  A  solution  of  the  ferric 
reagent  and  ester  sample  in  isopropyl  alcohol  is  in  every  way  comparable 
to  ethanol.  A  benzene  solution  of  the  sample  may  be  used  with  the 
1.00 
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Fig.  3.4.  Effect  of  solvent  on  ferric  hydroxamate  complex. 
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remainder  of  reagents  as  in  the  procedure  written  above.  Dioxane,  if 
properly  purified,  will  probably  be  a  suitable  solvent.  Methylene  chloride- 
ethanol  mixtures  and  petroleum  ether  have  also  been  used  successfully 
Diethyl  ether  has  been  used  by  Thompson  (14)  after  extensive  purifica¬ 
tion.  Presumably  other  ethers  and  higher  alcohols  would  be  useful  as 
solvents  for  the  esters  if  purified.  Water  solutions  of  esters  may  be 
analyzed  but  at  a  slight  loss  in  sensitivity,  perhaps  because  of  a  competi¬ 
tion  between  water  and  the  hydroxamic  acid  for  the  ferric  ion.  The  same 
solvent  should  always  be  used  for  the  calibration  curve  as  for  the 
determination. 

spectrophotometric  data.  The  absorption  maxima  and  molar  absorp- 
tivities  obtained  with  a  wide  variety  of  esters  are  shown  in  Table  7.  The 
ferric  complexes  of  most  aliphatic  hydroxamic  acids  have  their  absorption 
maxima  at  530  nm.  The  ferric  hydroxamate  complexes  of  aromatic  esters 
have  broad  absorption  maxima  at  550  to  560  nm.  Ferric  hydroxamate 
complexes  of  esters  of  acids  containing  conjugated  double  bonds  or  more 
than  one  carboxyl  group  may  have  maxima  at  slightly  different 
wavelengths.  The  molar  absorptivities  are  essentially  the  same  for  esters 
of  the  same  acid  and  are  additive  for  esters  of  polyhydroxyl  alcohols. 
Esters  of  dicarboxylic  acids  have  approximately  twice  the  absorptivity 
found  for  similar  monocarboxylic  acids.  Esters  of  resin  acids  form  no 
color  at  all,  perhaps  because  hydrolysis  conditions  are  too  weak,  allowing 
other  esters  to  be  determined  when  present  in  admixture. 
DETERMINATION  OF  ANHYDRIDES  IN  PRESENCE  OF  ESTERS.  Anhydrides  of 
carboxylic  acids  also  react  in  a  manner  similar  to  esters  under  the  alkaline 
conditions  discussed,  forming  1  mole  of  hydroxamic  acid  per  mole  of 
anhydride  that  reacts.  A  method  for  the  selective  determination  of 
anhydrides  was  developed  based  on  the  use  of  neutral  hydroxylamine  to 
form  the  hydroxamic  acid.  This  reaction  is  similar  in  principle  to  one 
recently  described  for  determining  anhydrides  in  the  presence  of  esters 
using  a  standard  solution  of  morpholine  as  a  base,  and  measuring  the 
amount  of  morpholine  remaining  after  the  amide  has  been  formed  (19). 
The  weak  base  morpholine,  or  in  this  case  hydroxylamine,  is  strong 
enough  to  react  with  the  anhydride,  yet  no  reaction  occurs  with  the  ester. 
About  65%  of  the  color  obtained  under  alkaline  conditions  is  developed 
using  a  10-minute  reflux  time  with  the  neutral  reagent.  The  effect  o 
appreciably  increasing  the  reflux  time  was  not  investigated.  It  is  assumed 
but  not  proved  that  the  incomplete  reaction  of  the  anhydride  is  due  to  a 
competing  reaction  with  the  methanol  that  is  present  as  the  solvent  for 
the  hydroxylamine.  Of  the  esters  tested,  only  phenolic  esters,  peroxyes 
ters,  lactones,  and  formates  react.  It  has  been  reported  that  esters  o 

19.  J.  N.  Hogsett,  H.  W.  Kacy,  and  J.  B.  Johnson,  Anal.  Chem..  25,  1207  (1953). 
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Table  7.  Molar  Absorptivilies  of  Ferric  Hydroxamates  Formed 

from  Different  Esters 

Molar 


Esters 

Wavelength, 

m/7 

Absorptivity 
x  103 

Ethyl  formate 

520 

1.06 

Ethyl  acetate 

530 

1.10 

77-Butyl  acetate 

530 

1.06 

/7-Amyl  acetate 

530 

1.05 

Phenyl  acetate  (impure) 

530 

0.99 

Triacetin 

530 

3.33 

Ethyl  propionate 

530 

1.02 

>'-Butyrolactone 

530 

1.11 

Methyl  /7-butyrate 

530 

1.06 

/7-Butyl  /7-butyrate 

530 

1.05 

/7-Amyl  /7-butyrate 

530 

0.91 

Dimethyl  malonate 

520 

1.72 

Dimethyl  maleate 

520 

1.53 

Dimethyl  adipate 

530 

2.04 

Pentaerythritol  tetracaproate 

530 

3.89 

Methyl  oleate 

530 

1.00 

Methyl  benzoate 

550 

1.13 

/7-Butyl  benzoate 

550 

1.08 

Benzyl  benzoate 

550 

1.13 

Methyl  //-toluate 

550 

0.94 

Dimethyl  o-phthalate 

540 

1.48 

Dimethyl  isophthalate 

540 

2.42 

Dimethyl  terephthalate 

540 

2.37 

electronegatively  substituted  acids  such  as  the  chlorinated  acetic  acids 
also  react  with  hydroxylamine  under  neutral  conditions  (20).  By  applying 
the  neutral  reagent  to  mixtures  of  anhydrides  and  esters,  or  lactones  and 
esters,  a  quantitative  determination  of  the  anhydride  or  lactone  content  is 
possible.  Separate  calibration  curves  must  be  used  for  the  anhydride  or 
actone  under  basic  and  neutral  conditions  (Fig.  3.5).  Several  representa¬ 
tive  analyses  of  mixtures  are  presented  in  Table  8.  Both  the  precision  and 
accuracy  are  reasonably  good  when  it  is  considered  that  most  such 
applications  will  be  made  to  minor  constituents. 

interferences.  Acids,  most  amides,  and  nitriles  do  not  interfere  with 
these  procedures.  The  hydroxylaminolysis  conditions  are  not  severe 
enough  cusu  rescliou  „f  ,„e  latrer  ,wo  clause,  comro  nk  TcS 
.blondes, 'of  course.  ,.,c,  i„  bod,  procedures.  High  c»ZZta3 

20.  S.  Soloway,  personal  communication. 


Fig.  3.5.  Calibration  curves  for  acetic  anhydride 
in  dry  benzene. 


Table  8.  Mixture  Analyses 


Anhydride 


Ester 


No. 


1 


1 

2 

3 


Added,  Found,  Recovery, 

mg.  mg.  % 


Added,  Found,  Recovery, 

mg.  mg.  % 


Acetic  Anhydride-/t-Butyl  Acetate 


3.10 

3.17 

102 

2.80 

2.85 

3.10 

3.20 

103 

2.80 

2.80 

Toluic  Anhydride-Methyl  /?-Toluate 

2.00 

1.85 

93 

8.10 

— 

6.00 

5.90 

98 

4.05 

— 

2.37 

2.25 

95 

5.87 

5.82 

2.37 

2.13 

90 

5.87 

5.94 

3.01 

2.95 

98 

5.06 

5.30 

3.01 

3.00 

100 

5.06 

5.25 

102 

102 


99 

101 

105 

104 
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carbonyls  react  with  the  hydroxylamine,  probably  necessitating  the  use  of 
a  higher  hydroxylamine  concentration.  Transition  elements  such  as  cop¬ 
per,  nickel,  and  vanadium  react  with  hydroxamic  acids  to  form  colored 
chelate  compounds  which  would  interfere.  It  is  possible  that  vanadium 
might  be  substituted  advantageously  for  iron  in  the  color  development 
portion  of  the  procedure  above  (6).  Ions  that  complex  ferric  iron,  such  as 
chloride,  tartrate,  acetic  acid,  and  water,  may  appreciably  affect  the 
intensity  of  the  color  in  both  the  ester  and  anhydride  methods. 
extensions  of  method.  Presumably  this  ester  method  could  be  used  for 
the  determination  of  amides  and  nitriles  by  using  a  higher-boiling  solvent 
such  as  propylene  glycol  as  suggested  by  Soloway  and  Lipschitz  (17).  By 
using  an  excess  of  acetic  anhydride,  substituted  hydroxylamines  may  also 
be  determined  spectrophotometrically.  The  sensitivity  of  the  method 
possibly  may  be  increased  by  using  the  ultraviolet  absorption  spectra  of 
the  ferric-hydroxamic  acid  complexes. 

Other  compounds  that  may  be  converted  to  hydroxamic  acids  and 
possibly  determined  by  their  ferric  hydroxamate  colors  are  sulfonic  acids, 
aldehydes,  nitro  compounds,  and  isocyanates  (21,22). 


Carboxylic  Acid  Amides 


Carboxylic  acid  amides  can  be  considered  as  esters  of  carboxylic  acids 
with  amines  or  ammonia.  The  reactions  of  the  esters  and  the  amides  are 
quite  similar  except  that  amides  have  the  amine  or  ammonia  added  where 
the  ester  has  the  alcohol.  It  can  be  generally  stated  that  the  amides  tend 
to  be  somewhat  less  reactive  than  the  corresponding  ester. 

Amides,  as  shown  previously,  can  be  determined  by  saponification 
(p.  172).  The  range  of  application  of  the  saponification  reaction  is  not  as 


wide  for  amides  as  it  is  for  esters,  however.  Primary  amides 


O 

/ 

RC 


are  the  most  amenable  to  analysis  by  saponification,  but  even  then,  there 
are  a  fair  number  of  primary  amides  too  resistant  to  quantitative 


saponification.  Secondary  amides 


O 

/ 

RC 


and  ertiary  amides 


21.  F.  Mathis,  Bull.  Soc.  Chim.  Fr.,  1953,  D-9. 

22.  H.  L.  Yale,  Chem.  Rev.,  33,  209  (1943). 
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RC  R 


\ 


/ 


N 


hydrolyze,  but  with  difficulty. 


The  nitrogen  atom  in  amides  gives  the  analyst  a  handle  that  is  not 
present  in  esters  and  can  be  used  to  determine  these  materials.  The 
nitrogen  atom  contributes  a  basicity  that  can  be  titrated  directly  in  special 
solvent  media.  However  amides  are  significantly  less  basic  than  amines. 
Amides  can  be  reduced  to  amines,  which  are  easily  titrated;  esters  reduce 
to  the  corresponding  alcohols  or  ethers,  and  these  products  are  not  basic. 

TITRATION  METHODS  FOR  AMIDES 

Potentiometric  Titration  Method  of  D.  C.  Wimer  Using  Acetic  Anhydride 
Solvent 

[ Reprinted  in  Part  from  Anal.  Chem.,  30,  77-80  (1958)] 

This  is  one  method  for  direct  titration  of  amides  as  bases.  It  involves  the 
use  of  acetic  anhydride  as  a  solvent  and  perchloric  acid  as  a  titrant. 

APPARATUS 

A  Precision-Dow  Recordomatic  Titrometer,  Model  K-3-247,  equipped  with 
50-ml  feed  pumps,  was  used  in  all  titrations.  A  glass  electrode  (Beckman  No. 
4990-80)  and  a  sleeve-type  calomel  electrode  (Beckman  No.  1170-71)  were 
equilibrated  by  soaking  in  acetic  anhydride  for  12  hours  prior  to  use.  To  minimize 
liquid  junction  potentials  and  to  promote  reproducibility,  the  aqueous  bridge  in 
the  calomel  cell  was  replaced  with  a  0.1M  solution  of  anhydrous  lithium  perchlo¬ 
rate  in  acetic  anhydride.  Lithium  chloride  proved  to  be  too  insoluble  in  acetic 
anhydride  for  use  as  a  supporting  electrolyte  in  the  bridge  solution. 

REAGENTS  AND  SOLUTIONS 

Lithium  perchlorate,  anhydrous  salt,  is  available  from  the  G.  Frederick  Smith 

Chemical  Co.,  Columbus,  Ohio. 

Acetic  anhydride,  ACS  reagent  grade. 


wire. 


distilled,  available  from  the  G.  Frederick  Smith 


Perchloric  acid,  70%  vacuum 
Chemical  Co.,  Columbus,  Ohio. 
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perchloric  ACID.  A  0.1N  solution  in  acetic  acid  is  prepared  by  dissolving 
approximately  9  ml  of  70%  perchloric  acid  in  acetic  acid,  adding  25  ml  of 
acetic  anhydride,  and  diluting  to  1  liter  with  acetic  acid.  The  solution  is  allowed  to 
stand  24  hours  prior  to  use.  The  titrant  is  standardized  either  visually  (23)  or 
potentiometrically  against  primary  standard  potassium  acid  phthalate  dissolved 

in  acetic  acid.  ...  e 

Perchloric  acid  in  dioxane  is  prepared  and  standardized  by  the  procedure  ot 

Fritz  (24)  and  may  be  used  as  an  alternative  titrant  (see  p.  550). 

All  samples  were  analyzed  as  received  without  further  purification.  The  com¬ 
pounds  shown  in  Table  9  are  research  samples  and  the  purest  grade  of  commer¬ 
cially  available  amides. 

Table  9.  Titration  of  Amides  in  Acetic  Anhydride 

Max.  Max. 

AE/iK  AE/AV, 

Mv./MI.  Mv./Ml. 

Compound  Purity,  %  (Approx.)  Compound  Purity,  %  (Approx.) 


Formamidea 
N-Methvlformamide 
N,N-Dimethylformamide 
N,N-Diallylformamide 
Acetamide 
N-Methylacetamide 
N,N-Dimethylacetamide 
Acetyl  n-butylamine 
(N-n-butylacetamide) 

Acetyl  di-/t-butylamine 
(N,N-di-/t-butylacetamide) 
N.N-Diethylacetamide 
Thioacetamide 
N,N-Diethylacetoacetamide 
N-(p-Nitrophenylethyl)  acetamide 
N-/M3-ethoxy-4-methoxyphenyl- 
ethyl)  acetamide 

N-/>-(3-benzyloxy-4-methylphenyl) 

acetamide 

/3-Hydroxyethylacetamide 

N.N,-Dimethylureab 

N.N.N'.N'-Tetramethylurea 

Propionamide 

Isobutyramide 

a-Mercaptoisobutyramide'- 

Hexanamide 

n-Valeramide 

a-Methylnonamide 


99.4.99.6 
100.2.99.9 

98.6.98.6 

97.4.  97.3 

97.7.97.3 

97.4,  97.3 

96.6.96.6 

98.7.98.3 

98.8.98.7 

99.9.99.4 
99.0,  98.5 

98.2.98.7 
98.1,98.0 

97.0,96.5 

90.1,90.1 
97.9.  98.4 

98.7.98.4 

99.6.99.4 
95.4.96.0.95.8 

93.8.93.6 

85.0.83.5 

97.0.97.2 

97.5,96.3 

93.8.93.8 


3  Titrated  with  HCIO^  in  dioxane. 

Titrated  at  5°C  to  prevent  acetylation. 
Impure  sample. 

Probable  reaction  with  acetic  anhydride. 


160 

K-Dodecylamide 

98.7,98.4 

120 

/?-fthenylvaleramide 

96.3,96.3 

190 

Cyclohexylbutyr- 

100 

amide 

95.0,94.5 

120 

N,N-Dimethyl- 

120 

cyanamide 

99.5.99.6 

300 

Malonamide 

N.N.N'.N'-Tetra- 

98.5,98.5 

180 

ethylphthalamide 

99.0,99.1 

Acrylamide'* 

86.5,86.1.86.7 

190 

Crotonamided 

90.7,91.5,91.5 

280 

2-Furamide'* 

51.0,51.2.51.0 

470 

N-Formylpyrroli- 

220 

dine 

99.8,99.3 

120 

N-Formylpiperi- 

dine 

97.3.97.8 

260 

N-Acetylpiperidine 

N-Acetylmorpho- 

94.8,95.3 

200 

line 

96.8,96.4 

120 

N-Formylmorpho- 

300 

line 

98.3,98.9 

560 

N-Acetyldimethyl- 

140 

phenylethyl- 

120 

amine 

98.5.98.9 

100 

Hexamethylphos- 

100 

phoramide 

98.2,98.2 

140 

Tripyrrolidylphos- 

100 

phoramide 

99.9.  100.3 

200 

120 

140 

130 

120 

260 

120 

170 

100 

300 

280 

470 

160 

80 


400 

500 

500 


PROCEDURE  AND  RESULTS 

Dilute  a  0.006-  to  0.009-mole  sample  to  100  ml  with  acetic  anhydride 

loom*!  “T6  1?  flaSkr.T,ranSfer  3  10'm‘  aliquot  *°  3  tal'-form  beaker,  add 
0  ml  of  acetic  anhydride,  and  carry  out  the  titration  with  0.1N  per- 

determined^h 3Cld'  The  end  Point  of  ‘he  titration  may  be 
determined  by  inspection  or  by  calculating  maximum  change  in  potential 

for  small  increments  of  perchloric  acid  added.  It  is  convenient  to  calculate 

23.  W.  Seaman  and  E.  Allen,  Anal  Chem.,  23,  592-4  (1951) 

24.  J.  S.  Fritz,  Anal.  Chem.,  22,  578-9  (1950). 
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Ml.  of  O.IJVHCIO4 

Fig.  3.6.  Titration  of  various  types  of  amides  in  acetic  anhyd¬ 
ride:  1,  |3 -phenylvaleramide ;  2,  N,N-dimethylcyanamide;  3, 
malonamide;  4,  N,N,N',N'-tetraethylphthalamide;  5,  tripyr- 
rolidylphosphoramide. 


maximum  A E  for  constant  values  of  AV  equal  to  0.05  ml  since  this 
increment  can  be  easily  estimated  from  the  recorder  chart  paper. 

For  all  results  reported  in  Table  9,  perchloric  acid  in  acetic  acid  was 
used  as  the  titrant.  Perchloric  acid  in  dioxane,  however,  appears  to  be  the 
titrant  of  choice  for  formamide.  The  reasons  for  the  much  sharper  end 
point  observed  are  not  yet  apparent.  Significant  end  point  improvement 


Fig.  3.7.  Titrations  of  acetylated  and  formylated  amines  in 
acetic  anhydride:  1,  iV-acetylmorpholine;  2,  N-acetyldimethyl- 
phenylethylamine;  3,  N-formylpiperidine;  4,  N-formyl- 
pyrrolidine;  5,  N-acetyl-di-n-butylamine. 
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Fig.  3.8.  Titration  of  aliphatic  amides  in  acetic  anhydride:  1, 
N,N,N',  N'-tetramethylurea;  2,  N,N-dimethylformamide;  3, 
acetamide;  4,  N,N-diethylacetoacetamide;  5,  n-dodecylamide. 


was  not  observed  for  most  amides  when  titrated  with  perchloric  acid  in 
dioxane.  Approximate  values  of  maximum  AE/AV  were  calculated  and 
are  presented  in  Table  9  for  comparison  purposes.  Figures  3.6  to  3.8 
show  representative  curves  for  some  amides,  acetylated  amines  and 
formylated  amines,  and  aliphatic  anhydrides  varying  from  “weak”  to 
“strong”  in  relative  base  strength.  This  is  merely  an  arbitrary  classifica¬ 
tion  based  on  the  magnitude  of  the  first  derivative. 

A  0.1N  solution  of  perchloric  acid  in  acetic  anhydride  have  maximum 
changes  in  inflection  at  the  end  point.  (The  0%  acetic  acid  intercepts  in 
Fig.  3.9  were  determined  with  this  reagent.)  The  solution  is  not  hazardous 
to  prepare  or  use,  but  it  darkens  on  standing  and  is  not  a  suitable  titrant. 
Perchloric  acid  in  acetic  acid  proved  to  be  a  satisfactory  titrant.  Maximum 
sensitivity  is  achieved  by  titrating  in  a  volume  of  anhydride  such  that  the 
amount  of  acetic  acid  introduced  from  the  titrant  is  low  compared  to  the 
total  solution  volume.  Ten  percent  acetic  acid  by  volume  may  be  toler¬ 
ated  without  seriously  reducing  end  point  inflections.  The  titration  might 

be  regarded  as  the  reaction  of  a  Lewis  acid,  “acetyl  perchlorate,”  with  an 
amide  to  form  a  salt. 


O 

rcnh2  +  ch3co+clo4- 


o 

II 

rcnh2ch3co+clo4- 


The  magnitude  of  the  maximum  AE/AV  obtained  for  a  particular 
ami  e  may  depend  largely  on  the  extent  of  salt  formation,  as  proposed  in 
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amides  in  acetic  anhydride:  1,  thioacetamide;  2,  N-acetylpiperidine; 
3,  N-formylpyrrolidine;  4,  N,N-dimethylformamide. 


eq.  5.  Other  factors,  of  course,  will  determine  the  ultimate  success  or 
failure  of  the  determination. 

Following  completion  of  this  work,  0.1N  perchloric  acid  in  dioxane  was 
found  to  be  a  suitable  alternative  titrant.  No  similar  equilibrium  effect  is 
observed  here,  as  it  was  for  acetic  acid-acetic  anhydride  mixtures  of 
perchloric  acid.  Increasing  dilution  of  the  acetic  anhydride  with  large 
amounts  of  dioxane  merely  reduces  sensitivity  by  lowering  the  dielectric 
constant;  this  procedure  renders  the  electrode  system  less  reproducible. 

Certain  amides  cannot  be  determined  by  direct  titration  in  acetic 
anhydride.  Diamides  of  dibasic  acids  are  practically  insoluble  in  acetic 
anhydride.  Malonamide  and  tetrasubstituted  phthalamides  are  apparent 
exceptions.  N-Phenyl  or  a -phenyl  substitution  results  in  electron  with¬ 
drawal  and  nearly  complete  reduction  in  basic  properties.  ^-Phenyl- 
substituted  amides  exhibit  sharp  inflections.  Unsaturated  amides,  where 
the  double  bond  is  conjugated  with  the  carbonyl  group,  appear  to  react 
with  acetic  anhydride.  Sharp  breaks  were  observed,  but  quantitative 
results  could  not  be  obtained.  Trifluoromethylformamide,  cyanamide,  and 

R  O 

tertiary  amides  of  the  configuration  — N,  where  R  is  CH3C— ,exhibi- 
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ted  no  measurable  basic  properties  toward  perchloric  acid  anhydride  mix¬ 
tures.  Except  as  noted  in  Table  9,  no  evidence  of  reaction  of  amides  with 
acetic  anhydride  was  observed.  Reproducible  titration  curves  were  ob¬ 
tained  on  samples  that  had  been  in  contact  with  the  solvent  1  to  2  hours. 
Hydroxy-substituted  amides  showed  no  evidence  of  O-acetylation  at 
room  temperature. 

Potentiometric  Titration  Method  of  C.  Streuli  Using  Nitromethane  as  Solvent 

(See  pp.  551-58  under  Amines ) 

Photometric  Titration  Method 

[ Adapted  from  T.  Higuchi,  C.  H.  Barnstein,  H.  Ghassemi,  and  W.  E.  Perez, 

Anal.  Chem.,  34,  400-3  (1962),  reprinted ] 

This  method  also  involves  direct  titration  of  amides,  but  in  glacial  acetic 
acid  instead  of  acetic  anhydride,  with  Wimer’s  method.  As  in  most 
methods,  there  are  advantages  and  disadvantages.  The  glacial  acetic  acid 
is  a  less  reactive  solvent  than  the  anhydride,  hence  may  be  more  generally 
applicable  to  amides  or  hydrazides  that  tend  to  react  with  anhydride.  But 
since  acetic  acid  does  not  intensify  the  basicity  of  the  amides  to  the  same 
extent  as  the  anhydride  does,  simple  potentiometric  titration  is  not 
possible;  photometric  titration  must  be  used. 

Despite  the  fact  that  titration  of  various  weak  bases  in  acetic  acid  has 
been  studied  extensively  for  a  number  of  years,  its  application  to  systems 
essentially  nonbasic  in  water  has  been  relatively  limited.  Although  the 
applicability  of  the  method  to  both  qualitative  and  quantitative  determi¬ 
nation  of  amides  has  been  particularly  stressed,  a  number  of  other 
functional  groups  have  also  been  investigated  as  a  part  of  this  study. 

The  basic  relationships  governing  interactions  between  acids  and  bases 
in  acetic  acid  and  the  use  of  photometric  titration  plots  have  been  pointed 

out  (25-27).  Conventional  Type  II  photometric  titration  plots  are  based 
on  the  following  relationship  (28) 
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total  solution  volume,  the  amounts  X  and  S  are  readily  determined  from 
the  volumes  of  standard  acid  added. 

Unmodified  Type  II  plots  do  not  yield  satisfactory  straight  lines  for 
very  weak  bases  because  of  the  high  degree  of  solvolysis  present  even  in 
the  presence  of  excess  perchloric  acid.  This  problem  was  solved  in  one 
manner  by  Connors  and  Higuchi  (28)  by  plotting  photometric  differences 
between  results  obtained  for  high  initial  base  concentration  and  those  for 
low  base  concentration.  This  approach  also  obviated  to  some  extent 
difficulties  presented  by  the  presence  of  variable  quantities  of  water.  For 
the  present  study  it  was  felt  that  a  simpler  technique  based  on  complete 
elimination  of  water  by  addition  of  a  known  small  excess  of  acetic 
anhydride  in  the  presence  of  free  perchloric  acid  permitted  more 
straightforward  interpretation. 

Thus  in  systems  where  a  significant  extent  of  solvolysis  exists,  X',  the 
added  concentration  of  perchloric  acid  solution,  would  be 


(7) 


And  S',  the  total  initial  base  concentration  would,  on  addition  of  the 
mineral  acid,  be  S'  =  CBHCio4  +  CB.  It  is  apparent  then  that  eq.  7  must  be 
modified  for  these  systems  to 


(8) 


Whereas  Kex  may  be  obtained  directly  from  the  slope  of  the  linear  plot  of 
eq.  7,  it  is  necessary  to  know  Uj-jcio4  to  plot  the  data  according  to  eq.  8. 

The  concentration  of  the  free  acid  CHCio4  may  be  determined  from  the 
indicator  color  and  indicator  constant  obtained  from  titration  of  a  blank. 
Since  the  indicator  is  the  only  base  titrated  in  a  blank  solution,  the  CHcio4 
value  corresponding  to  a  given  indicator  ratio  can  be  determined  from 
the  indicator  perchlorate  formation  equilibrium 


/  +  HC104  ^  I HCIO4 


(9) 


(10) 


(ID 


When  (I Jh)  was  plotted  versus  CHcio4 
line  passing  through  the  origin  (29)  as  p 
It  is  evident,  therefore,  that  the  amoun 


hen  (I  IL)  was  plotted  versus  CHcio.  >n  the  blank  solution,  a  straight 
e  passing  through  the  origin  (29)  as  predicted  by  eq.  11 was  obtained, 
is  evident,  therefore,  that  the  amount  of  perchloric  acid  consumed  in 


29.  C.  R.  Rehm  and  T.  Higuchi,  Anal.  Chem.,  29,  367  (1957). 
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indicator  perchlorate  formation  is  negligible;  thus  values  of  CHcio.  cor 
responding  to  various  indicator  ratio  values  are  obtainable  from  blank 
titration  plots  for  insertion  into  eq.  8.  In  the  absence  of  water  linear  plots 
of  eq.  28  yield  reproducible  exchange  constants  for  very  weak  bases  with 


Sudan  III  indicator  in  acetic  acid. 

Because  water  behaves  like  a  base  in  acetic  acid,  its  presence  in  the 
solvent  system  is  undesirable,  since  it  interferes  with  the  interaction 
between  a  weak  base  and  the  reference  acid.  The  solvent  that  was 
employed  in  all  titrations  performed  in  this  study  was  a  solution  of  0.25 M 
redistilled  acetic  anhydride  in  acetic  acid,  which  has  been  purified  by  the 
method  of  Eichelberger  and  LaMer  (30).  Since  many  substances  known 
to  possess  basic  properties  in  acetic  acid  react  with  the  anhydride,  only 
compounds  having  nonacylable  basic  functions  are  reported  here. 

EXPERIMENTAL  (31) 

The  titration  vessel  is  a  small  Erlenmeyer  flask  equipped  with  an  outlet 
tube  sealed  tangentially  at  the  lowest  part  of  the  side  and  an  inlet  tube 
which  enters  the  bottom  of  the  flask  at  its  center.  These  two  tubes  are 
bent  to  be  parallel  (Fig.  3.10). 

The  absorption  cell  varies  with  the  photometer  used.  A  modified  1-cm 
cylindrical  cell  (Pyrocell  Manufacturing  Co.,  207-11  East  84th  St.,  New 
York  N.Y.  10028)  used  with  the  Cary  recording  spectrophotometer, 
having  inlet  and  outlet  tubes  instead  of  the  usual  single  opening,  is  shown 


(a) 


Magnetic 


stirring  bar 


*» 


Top  view 


3.10.  Titration  flask.  Arrows  show 
direction  of  liquid  flow. 


(b) 


30.  W.  C.  Eichelberger  and  V.  K.  LaMer,  J.  Am.  Chem.  Soc.,  55,  3633  (1933). 
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in  Fig.  3.11.  This  cell  is  also  suitable  with  the  Beckman  DU  and  B 
mstruments,  if  the  cell  holder  is  modified  to  hold  the  cylindrical  cuvette 
The  test  tube  cells  supplied  with  the  Bausch  &  Lomb  Spectronic  20 
colorimeter  may  be  adapted  for  use  in  this  inexpensive  instrument.  A 
rubber  stopper  receives  the  inlet  and  outlet  tubes,  which  terminate  above 

the  level  of  the  light  path  (Fig.  3.11).  The  surface  of  the  solution  remains 
at  the  level  of  the  outlet  tube. 

The  titration  flask  and  absorption  cell  are  connected  with  short  lengths 
of  flexible  tubing:  rubber,  Tygon,  or  Vinyl  (available  through  medical 
supply  houses  as  blood  transfusion  tubing).  For  titrations  in  very  acidic 
solvents,  such  as  acetic  acid,  the  last  is  preferred.  The  slightly  basic 
properties  of  rubber  and  Tygon  prevent  their  use  in  the  titration  of  very 
weak  bases. 

The  titration  stirring  bar  is  placed  in  the  flask,  which  is  supported  over 
a  magnetic  stirrer.  The  solution  (25  to  35  ml  in  a  50-ml  titration  flask)  is 
circulated  through  the  tubing  to  the  cell  and  back  to  the  flask  by  the 
action  of  the  stirring  bar  (Fig.  3.10).  Complete  mixing  is  achieved  in  20  to 
25  seconds  with  both  the  cylindrical  and  the  tube-type  cell.  Figure  3.12 
shows  the  rate  of  mixing  with  the  cylindrical  cell. 

Modification  of  the  spectrophotometer  is  usually  unnecessary  or  slight. 
A  small  hole  drilled  in  the  cell  compartment  cover  of  the  Cary,  for 
example,  allows  the  flexible  tubing  to  pass  into  the  compartment.  A  black 
cloth  thrown  over  the  tubing  excludes  stray  light,  as  with  other  instru¬ 
ments. 


Fig.  3.11.  (a)  Bausch  &  Lomb  Spectronic 
20  absorpb°n  tube  modified  for  photo¬ 
metric  titrations.  ( b )  Cylindrical  cell  for 
titrations  with  Cary  and  Beckman  spectro¬ 
photometers. 
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The  titration  apparatus  is  particularly  convenient  if  a  closed  system  is 
necessary.  Atmospheric  moisture  and  carbon  dioxide  are  excluded  by 
passing  the  buret  tip  through  a  stopper.  A  positive  pressure  may  be 
maintained  by  feeding  dry  air  or  nitrogen  into  the  flask. 

The  assembly  constitutes  a  very  modest  investment  if  the  Spectronic  20 
is  used  as  the  measuring  instrument;  the  total  cost  is  comparable  with  that 
of  common  potentiometric  titration  equipment. 

In  Fig.  3.13  the  ratios  of  the  base  form  of  Sudan  III  to  its  acid  form 
during  titration  of  N,N-dimethylcapramide  with  approximately  0.5 N  per¬ 
chloric  acid  are  plotted  according  to  eqs.  7  and  8.  In  the  figure  the  X 


Fig.  3.13.  Comparison  of  modified  and  conven¬ 
tional  Type  II  plots. 
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values  are  expressed  in  terms  of  actual  volume  of  the  titrant  added 
ranging  from  2.630  to  3.090  ml.  The  final  volume  of  the  titrated  solution 
was  approximately  30  ml,  the  volume  change  during  titration  being  essen¬ 
tially  negligible.  It  is  evident  from  the  curvature  exhibited  by  the  upper 
curve  that  even  for  this  relatively  strong  base,  a  significant  and  detectable 
degree  of  solvolysis  exists.  The  extrapolated  end  point  shown  for  the 
simpler  relationship  is  slightly  less  than  0.04  ml  too  large,  corresponding 
to  a  little  more  than  a  per  cent  error  (high)  for  the  unmodified  case.  The 
residual  end  curvature  for  the  corrected  plot  is  probably  due  to  a  very 
small  tendency  of  these  amides  to  take  up  a  second  proton.  This  depar¬ 
ture  from  linearity,  however,  does  not  prevent  extremely  precise  determi¬ 
nation  of  the  stoichiometric  end  point. 

The  relative  basicities  of  these  stronger  bases  are  reflected  in  the  slopes 
of  the  straight  line  portions  of  these  plots  and  are  nearly  the  same  by 
either  plot.  This  is  not  the  case,  however,  for  extremely  weakly  basic 
compounds.  In  Fig.  3.14  the  photometric  data  obtained  for  chlor- 
acetamide  are  again  plotted  in  both  ways.  In  this  instance  the  conven¬ 
tional  plot  is  in  considerable  error,  and  correct  values  can  be  obtained 
only  from  the  modified  plots. 

Diethyl  ether  was  the  weakest  of  the  compounds  that  gave  evidence  by 
this  method  of  possessing  basic  properties.  The  modified  Type  II  plot  of 
data  for  the  photometric  titration  of  diethyl  ether  appears  in  Fig.  3.15. 
Although  the  plotted  points  exhibit  a  considerable  degree  of  scatter,  their 
distribution  describes  a  sufficiently  straight  line  to  allow  for  calculation  of 
the  exchange  constant,  Kex  =  1400  ±200. 

The  relative  basicities  with  respect  to  Sudan  III  of  various  amides  and 
other  organic  compounds  as  determined  by  these  plots  are  shown  in 


Type  II  plot. 
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Fig.  3.15.  Modified  Type  II  photometric  plot  for 
titration  of  diethyl  ether  with  0.4703N  perchloric 
acid.  Indicator  is  Sudan  III. 


Table  10.  Since  the  perchlorate  formation  constant  for  Sudan  III  is  of  the 
order  of  700  (26),  the  perchlorate  constants  for  all  the  compounds  listed 
can  be  estimated  readily  from  the  table. 

DISCUSSION 

nonbasic  compounds.  Six  of  the  compounds  in  Table  10  are  evidently 
nonbasic,  with  exchange  constants  with  respect  to  Sudan  III  estimated  to 
be  in  excess  of  500  or  of  2000,  depending  on  the  concentrations  of  the 
solutions  analyzed. 

Loss  of  basicity  of  the  amide  function  of  nicotinamide  probably  follows 
as  a  consequence  of  protonation  of  the  relatively  strongly  basic  amine 
nitrogen  adjacent  to  it.  The  apparent  nonbasicity  of  phenobarbital  in 
acetic  acid  is  in  agreement  with  previous  findings  of  Higuchi  and  Connors 
(25).  Dichloroacetamide  and  trichloroacetamide  show  no  evidence  of 
possessing  basic  properties,  presumably  because  of  the  inductive  effects  of 
the  adjacent  chloro  substituents.  The  same  polar  effect  is  probably 
responsible  in  part  for  the  lack  of  basicity  of  acetylated  chloramphenicol, 
which  is  a  mono  N-substituted  dichloroacetamide. 
acetanilide  series.  Substitution  of  the  negative  grouns.  —PI  anH 


il.  Chem.,  31,  483  (1959), 
New  York,  1940. 


32.  L.  P.  Hammett,  Physical  Organic  Chemistry ,  McGraw-Hill,  New 


Table  10.  Basicities  of  Amides  and  Other  Organic 
Compounds  in  Acetic  Acid  Relative  to  Sudan  III 


Compound  Kex 


N,N-Dimethylacetamide 

0.011 

1  -Acetylpiperidine 

0.014 

N,N-Dimethylcaprylamide 

0.019 

N,N-Dimethylcapramide 

0.019 

N,N-Dimethyllauramide 

0.020 

N,N-Dimethylmyristamide 

0.020 

N-Methylacetamide 

0.023 

N,N-Dimethylpalmitamide 

0.024 

Acetamide 

0.10 

Lauramide 

0.11 

N,N-Dimethyl-2-naphthamide 

0.12 

N,N-Dimethylbenzamide 

0.13 

Pelargonamide 

0.13 

N-Methylformamide 

0.13 

N,N-Dimethylformamide 

0.14 

2-Pyrrolidone 

0.14 

N,N-Dimethyl-l-naphthamide 

0.20 

2,6-Dimethylacetanilide 

0.31 

N-Methylbenzamide 

0.37 

Formamide 

0.53 

Acetanilide 

0.61 

Acetyl-a-naphthylamine 

0.64 

Acetyl-/3-naphthylamine 

0.64 

Benzamide 

0.84 

/3-Naphthamide 

0.86 

a-Naphthamide 

1 .6 

/?-Chloroacetanilide 

1.8 

m-Acetamidobenzoic  acid 

2.6 

A?7-Chloroacetamide 

2.7 

/j-Acetamidobenzoic  acid 

4.9 

2,4,6-Tribromoacetanilide 

16 

Benzanilide 

18 

Chloroacetamide 

18 

Diethyl  ether 

1400 

Nicotinamide  (amide  N) 

>500 

Phenobarbital 

>500 

Acetonitrile 

>2000 

Dichloroacetamide 

>2000 

T  richloroacetamide 

>2000 

Chloroamphenicol  (acetylated) 

>2000 
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to  vary  linearly  with  the  logarithms  of  the  exchange  constants,  yielding  a 
specific  reaction  constant  p  of  1.4  ±0.1. 

2,6-Dimethylacetanilide  (Kex  =  0.31)  is  a  stronger  base  than  acetanilide 
(/cex  =  0.61),  whereas  2,4,6-tribromoacetanilide  (Kex=18)  is,  relatively,  a 
very  weak  base.  These  differences  suggest  that  substituents  on  the  ring 
influence  the  basicity  of  the  anilides  significantly  but  relatively  weakly. 
The  increased  ability  of  the  ortho-dimethylated  compound  to  attract 
perchloric  acid  may  be  partially  ascribable  to  steric  interference  toward 
coplanarity  of  the  ring  with  the  resonating  amide  function. 
effect  of  N- alkylation.  The  influence  on  amide  basicity  of  methyl 
substitution  on  the  amide  nitrogen  is  also  evident  from  Table  11.  In  the 
series  of  formamides  and  acetamides  it  is  evident  that  methyl  substitution 
of  one  hydrogen  of  the  amide  resulted  in  markedly  enhanced  basicity, 
whereas  similar  substitution  of  the  second  hydrogen  produced  little 
further  change  in  basicity.  This  effect  more  or  less  parallels  the  changes  in 
the  basicity  of  the  parent  amine  as  shown  in  the  last  column  of  Table  11. 
effect  of  aromatic  substitution.  Substitution  of  an  aromatic  group 
reduced  the  basicity  of  the  amide  function  by  virtue  of  its  tendency  to 
attract  the  unshared  electrons  of  the  amide  nitrogen  and  oxygen. 
Acetanilide,  acetyl  a-naphthylamine,  and  acetyl  j3-naphthylamine  appear 
to  possess  unusual  base  strength  relative  to  acetamide;  however  if  com¬ 
parison  is  made  with  basicities  of  the  amines  that  are  obtained  on 
hydrolysis,  ammonia  is  at  least  50,000  times  more  basic  than  aniline  or 
the  naphthylamines,  but  acetamide  is  only  6  times  more  basic  than 
acetanilide  or  the  N-acetyl  naphthylamines.  This  may  be  due  at  least  in 
part  to  the  lack  of  coplanarity  between  the  ring  system  and  the  resonating 

amide  plane. 

DETERMINATION  BY  MEANS  OF  REDUCTION  TO 
CORRESPONDING  AMINES 

Adapted  from  the  Method  of  S.  Siggia,  and  C.  R.  Stahl 

[Anal.  Chem .,  27,  550  (1955)] 

This  method  can  be  applied  in  instances  where,  for  one  reason  or 
another,  direct  titration  cannot.  This  approach  makes  use  of  the  reduction 
of  amides  to  amines  using  lithium  aluminum  hydride  (33). 

O 

2RCNR4  +  LiAIH4  -*  2RCH2NR2  +  LiAIH2 

The  amine  formed  is  steam-distilled  from  the  reaction  mixture  and 
33.  R.  F.  Nystrom  and  W.  G.  Brown,  J.  Am.  Chem.  Soc.,  70,  3738  (1948). 
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titrated.  It  was  first  thought  that  the  amine  formed  could  be  titrated  in  the 
reaction  mixture.  It  was  supposed  that  one  break  would  be  obtained  for 
the  strong  bases  (metal  hydroxides)  and  a  second  break  for  the  weaker 
base  (amine).  The  results  obtained  by  this  approach  were  very  high, 
however,  probably  because  aluminum  hydroxide  is  not  as  strong  a  base  as 
was  first  supposed.  In  view  of  these  results,  the  steam-distillation  step  was 
added  to  the  analysis. 

In  the  determination  of  fatty  acid  amides,  the  corresponding  amines 
formed  on  reduction  steam-distill  very  slowly;  therefore  ethylene  glycol 
was  used  instead  of  water  in  the  distillation. 

The  glycol  distillation  is  used  for  the  determination  of  the  sodium 

O 


N-lauroylsarcosinate  (CnH23C— NCH2COONa) .  The  amine  formed  in 

ch3 


the  reduction  of  this  compound  is  distillable  from  a  caustic  solution  (the 
Kjeldahl  distillation).  The  sarcosinate  contains  a  carboxyl  group  that  in 
the  resultant  amine  should  be  in  the  form  of  the  salt  in  the  alkaline 
solution.  This  amino  acid  salt  should  be  difficult  to  distill.  It  is  presumed 
that  in  the  reduction  step,  however,  the  carboxyl  group  is  reduced  to  the 
alcohol,  so  that  the  resultant  amine  would  be  CnH23CH2NCH2CH2OH, 

O  CH3 

which  is  distillable.  Amides  of  the  type  RC— NCH2CH2SQ3Na  cannot  be 


Ri 

determined  by  this  method.  Evidently  the  sulfonic  acid  group  is  not 
satisfactorily  reduced,  and  the  salt  of  the  amine  will  not  distill.  Very  low 
results  are  obtained  on  these  compounds. 

This  method  is  applicable  to  a  large  range  of  amides,  as  seen  in  Table 
12.  Primary,  secondary,  and  tertiary  amides  of  low  molecular  weight  acids 
and  fatty  acids,  as  well  as  difunctional  amides,  were  successfully  deter¬ 
mined.  A  cyclic  amide  (methyl  pyrrolidone)  was  also  determined.  Un¬ 
satisfactory  reductions  were  noted  for  acrylamide,  N-tert- butyl  acryl¬ 
amide  and  urea.  In  the  case  of  N,N-diphenyl  acetamide,  the  resulting 

amine  (diphenylethylamine)  is  too  weakly  basic  to  titrate,  even  in  solvents 
designed  for  titrating  weak  bases. 


Many  functional  groups  react  with  lithium  aluminum  hydride,  but  verv 
few  resuh  in  the  formation  of  a  volatile  base.  Nitriles,  imides,  and 
aliphatic  nitro  compounds  are  the  only  others  known  to  form  an  amine  on 
reduction  with  the  hydride.  The  aliphatic  nitro  compounds  are  rarely 
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Table  12 


Compound 

v 

/o 

%  by  N 

Pro¬ 

cedure 

Acetyl  diethylamine 
(N  ,N-diethylacet- 
amide) 

99.2 

98.1 

98.2 
98.4 
98.4 

97.7 

A 

N-butyramide 

95.4 

97.2 

96.2 

97.1 

A 

N-methyl  acetamide 

93.5 

92.8 

93.8 
94.2 

95.2 

A 

N-methyl  pyrrolidone 

98.2 

98.6 

98.1 

97.8 

A 

Acetamide 

100.6 

100.8 

100.3 

99.8 

A 

Propionamide 

101.1 

100.8 

100.3 

100.0 

100.0 

100.4 

A 

y-Hydroxybutramide 

96.3 

96.0 

95.8 

96.1 

A 

Methyl  glycolamide 

95.6 

95.2 

95.4 

96.3 

A 

N,N'-dimethyl  oxamide 

99.9 

99.8 

99.5 

99.8 

100.8 

A 

Benzamide 

98.5 

100.0 

99.7 

100.8 

A 

Formamide 

99.0 

100.6 

A 

98.9 

98.6 


Results 


Compound 

% 

%  by  N 

Pro¬ 

cedure 

Dimethyl  formamide 

90.7 

89.5 

92.2 

93.4 

A 

Octanamide 

96.4 
98.1 

97.5 

96.6 

A 

Hexadecanamide 

95.2 

94.6 

94.6 

94.9 

95.1 

B 

Methyl  stearamide 

97.4 

98.6 

100.0 

98.0 

98.3 

B 

Stearamide 

92.4 

92.7 

93.7 

94.5 

B 

Dodecanamide 

96.0 

95.8 

94.2 

96.6 

B 

Methyl  dodecanamide 

94.4 

92.3 

93.1 

97.6 

B 

Succinimide 

99.3 

99.9 

98.8 

A 

N-lauroyl  sarcosine 

100.5 

100.2 

100.3 

99.8 

99.1 

B° 

Sodium  N-lauroyl 
sarcosinate 

30.27 

30.11 

30.04 

• 

Ba 

Sodium  N-lauroyl 
sarcosinate® 

94.7 

93.7 
93.7 
94.6 
94.4 

95.8 

Ba 

a  Reflux  time  for  reduction  step  was  increased  to  1.5  hours  for  these  compounds.  o 

6  A  30%  aqueous  solution  of  sodium  N-lauroyl  sarcosinate.  Each  sample  was  dried  at  100  C  before 
reduction. 

c  Sample  contained  5.7%  water  as  determined  by  Karl  Fischer  titration. 


found  in  amide  samples;  nitriles  are  sometimes  found  in  samples  of 
primary  amides. 

Lithium  aluminum  hydride  will  reduce  nitriles  to  the  corresponding 
amine,  and  this  will  result  in  high  values  for  the  amide.  The  reduction  of 
nitrile  does  not  proceed  to  completion  for  all  nitriles;  therefore  this  would 
not  be  a  good  general  method  for  nitriles.  Benzonitrile,  butyronitrile, 
capronitrile,  and  chlorobenzonitrile  were  determined  satisfactorily  by  this 
approach  (see  Table  13).  Nitriles  that  were  tried  and  could  not  be 
reduced  completely  to  amine  in  a  convenient  length  of  time  were 
acetonitrile,  acrylonitrile,  succinonitrile,  adiponitrile,  phenylacetomtri  e, 
3-butenenitrile,  y-phenoxybutyronitrile,  lactonitrile,  m-mtrobenzonitrile, 

and  1-naphthonitrile.  .  - 

It  is  advisable,  therefore,  if  nitriles  are  suspected  in  a  sample  of  a 

primary  amide,  to  use  the  procedure  of  Mitchell  and  Ashby  (p.  204)  or 
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Table  13.  Nitrile  Results 


Benzonitrile 


98.90  98.67 


A 


98.69 

98.81 


Butyronitrile 


96.15  98.86 


A 


96.40 

96.72 


N-capronitrile 


98.45  99.65 


A 


99.07 

97.76 


99.95  102.06 


A 


98.93 

99.76 


determining  the  primary  amide.  Because  nitriles  seldom  occur  in  secon¬ 
dary  and  tertiary  amides,  possible  interference  is  minimized. 

Compounds  that  contain  active  hydrogen  atoms  as  well  as  alkyl  halides, 
esters,  epoxides,  and  azoxy  compounds  will  consume  hydride.  If  such 
compounds  are  present  in  quantity,  enough  hydride  must  be  present  in  the 
reaction  mixture  to  convert  all  the  amide  to  amine.  It  is  impossible  to  run 
dilute  aqueous  solutions  of  amides  by  this  method,  because  too  large  an 
excess  of  reagent  would  be  needed.  Samples  containing  10%  water  were 
successfully  run  by  this  method,  however.  Samples  containing  50%  water 
showed  results  which  were  10%  low  in  amide,  but  using  more  hydride 
reagent  may  make  it  possible  to  run  50%  aqueous  solutions.  It  may  be 
possible  to  run  samples  containing  25%  water,  but  this  was  not  tried. 


The  precision  of  the  analysis  to  be  described  is  usually  within  ±2%  and 
very  often  within  ±1%  for  the  various  amides  tried.  The  accuracy  is  about 
the  same  as  the  precision;  in  many  of  the  amides  tried,  however,  the 
precision  of  the  nitrogen  analysis  (Dumas)  used  to  assav  the  amidpc  k 


hydrolyzed  to  be  effective. 
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REAGENTS 


lithium  aluminum  hydride.  Ten  grams  of  lithium  aluminum  hydride  is 
refluxed  with  500  ml  of  anhydrous  diethyl  ether  for  several  hours.  If  the  hydride  is 
finely  divided,  it  will  dissolve  in  a  relatively  short  time.  Insoluble  products,  formed 
by  the  reaction  of  impurities  in  the  ether  with  the  lithium  aluminum  hydride, 
settle  on  cooling,  and  the  clear  solution  can  be  pipetted  off  as  needed.  The 
solution  should  be  protected  from  atmospheric  moisture.  The  usable  life  of  the 
solution  is  about  one  month. 

Standard  0.02N  sulfuric  acid. 

Standard  0.02N  sodium  hydroxide. 

6 N  Sodium  hydroxide. 

Methyl  purple  indicator  (Fleisher  methyl  purple,  Burrell  Corp.,  Pittsburgh). 

Ethylene  glycol. 

Isopropyl  alcohol. 


DISTILLATION  APPARATUS 

The  distilling  apparatus  used  in  Procedure  A  is  the  standard  Kjeldahl  steam 
distillation  equipment. 

The  distilling  apparatus  in  Procedure  B  consists  of  a  200-ml  round-bottomed 
flask  connected  to  a  Kjeldahl  bulb,  which  is  attached  to  a  water  condenser  by  a  75° 
connector.  A  stopcock  and  funnel  are  sealed  on  the  connector  at  the  bend  so  that 
ethylene  glycol  can  be  dropped  into  the  flask  (see  Fig.  3.16). 


Fig.  3.16.  Distillation  apparatus. 


Carboxylic  Acids 


203 


PROCEDURE  A 

Weigh  exactly  a  sample  containing  approximately  0.0006  mole  of  amide, 
place  it  in  a  100-ml  Kjeldahl  flask,  and  add  5  ml  of  lithium  aluminum 
hydride  reagent.  Allow  the  solution  to  stand  for  15  minutes  at  room 
temperature  to  ensure  complete  reduction  of  the  amide;  then  attach  the 
flask  to  the  Kjeldahl  distillation  apparatus.  Place  a  200-ml  Erlenmeyer 
flask  containing  exactly  50  ml  of  0.02N  sulfuric  acid  on  the  apparatus  so 
that  the  end  of  the  condenser  is  below  the  surface  of  the  acid.  Add  water 
dropwise  to  the  reaction  flask  until  the  excess  lithium  aluminum  hydride 
is  decomposed.  Add  10  ml  of  6 N  sodium  hydroxide  and  carry  out  steam 
distillation  as  in  a  Kjeldahl  determination.  Collect  about  50  ml  of  distil¬ 
late  in  the  0.02N  sulfuric  acid  and  titrate  the  excess  acid  with  standard 
0.02 N  sodium  hydroxide  to  the  green  end  point  of  methyl  purple  indi¬ 
cator.  Calculate  percentage  of  amide  as  follows: 


(Titration  for  50  ml  of  acid  minus  titration 
sample)  x  N  of  NaOH  x  mol.  wt.  amide  x  100 

Weight  of  sample  x  1000 


amide 


PROCEDURE  B 


Place  a  weighed  sample  containing  approximately  0.0006  mole  of  amide 
in  a  200-ml  round-bottomed  flask,  and  add  10  ml  of  lithium  aluminum 
hydride  reagent,  reflux  the  mixture  on  a  steam  bath  for  30  minutes.  Cool 


the  flask  to  room  temperature  and  decompose  the  excess  reagent  by  adding 
water  dropwise.  After  the  reagent  is  completely  decomposed,  wash  the 
sides  of  the  flask  with  about  10  ml  of  water,  and  add  5  ml  of  6N  sodium 
hydroxide.  Add  a  few  boiling  chips  and  25  ml  of  ethylene  glycol  before 
attaching  the  flask  to  the  distilling  apparatus.  Distill  the  solution  at  a 
rapid  rate  nearly  to  dryness  and  add  25  ml  of  ethylene  glycol  through  the 
stopcock  on  the  connector  at  such  a  rate  that  boiling  does  not  stop 
Commue  the  addition  and  distillation  of  25-ml  portions  of  ethylene  glycol 
untd  lOOm!  has  been  distilled.  Wash  the  condenser  with  approximately 
50  ml  of  hot  isopropyl  alcohol,  and  titrate  the  amine  contained  in  the 
distillate  and  washings  potentiometrically  with  0.02 N  sulfuric  acid  Calcu¬ 
late  the  percentage  of  amide  in  the  following  manner: 
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DETERMINATION  OF  PRIMARY  AMIDES  BY  REACTION  WITH  3  5- 
DINITROBENZOYL  CHLORIDE 


Adapted  from  J.  Mitchell  and  C.  E.  Ashby 

[J.  Am.  Chem.  Soc.,  67,  161-4  (1945)] 

Primary  amides  react  with  acid  chlorides  to  yield  the  corresponding 
acyl  amide.  Acid  halides  are  generally  unstable,  hence  are  not  satisfactory 
reagents;  the  3,5-dinitrobenzoyl  chloride  is  sufficiently  stable  to  be  used 
(see  Hydroxyl  Group,  pp.  67-71).  The  procedure  to  be  described  is  of 
particular  value  where  the  primary  amide  content  is  desired  in  a  mixture 
containing  secondary  and  tertiary  amides.  The  foregoing  titrimetric  and 
reduction  methods  would  not  be  able  to  differentiate  the  two  types. 

O  O 

/  / 

RC  +  (N02)2C6H3C  RCN  + 

\  \  (NO,)2C6H3COOH  +  HC1 

NH2  Cl 


REAGENTS 


2 M  3,5-dinitrobenzoyl  chloride.  The  reagent  solution  is  prepared  by  dis¬ 
solving  461  grams  of  3,5-dinitrobenzoyl  chloride  (Eastman  Kodak)  in  enough 
purified,  anhydrous  1,4-dioxane  to  yield  1  liter  of  solution.  The  reagent  solution  is 
treated  with  activated  carbon  and  rapidly  filtered,  care  being  taken  to  protect  it 
from  exposure  to  moisture.  The  final  solution  should  be  no  darker  than  light 
yellow  or  else  there  will  be  difficulty  in  determining  the  end  point  color  change. 

CP  Dry  pyridine. 

CP  Dry  methanol. 

0.5 N  sodium  methoxide  in  methanol.  This  is  prepared  directly  from  sodium 
in  anhydrous  methanol.  This  solution  should  be  standardized  each  day  by  titrating 
an  aliquot  with  0.5 N  standard  acid,  phenolphthalein  indicator  being  used,  or  ethyl 
bis-2,4-dinitrophenyl  acetate  indicator  (a  saturated  solution  in  1 : 1  acetone-ethyl 

alcohol). 


PROCEDURE 


Weigh  a  sample  containing  about  lOmeq.  of  amide  into  a  250-ml 
glass-stoppered  Erlenmeyer  flask  containing  15  ml  of  the  3  5_ 
dinitrobenzoyl  chloride  reagent  and  5  ml  of  pyridine,  lac  k 
together  with  a  blank  in  a  water  bath  at  60°C  for  30  minutes  (70  C  for  1 
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hour  when  amides  of  dibasic  acids  are  determined).  At  the  end  of  this 
time  remove  the  flasks  and  cool  in  ice.  Decompose  the  excess  aroyl 
chloride  with  dry  methanol,  which  is  added  in  two  portions,  first  2  ml  and, 
after  5  minutes,  an  additional  25  ml.  Titrate  the  solution  and  blank  with 
0.5 N  standard  sodium  methoxide,  using  ethyl  bis-2,4-dinitrophenyl  ace¬ 
tate  indicator.  Phenolphthalein  can  be  used,  but  the  end  point  is  not  as 
sharp  as  with  the  dinitrophenyl  acetate  because  of  the  yellow-orange 
color  of  the  solution. 

The  net  increase  in  acidity  of  the  sample  over  the  blank,  after  correc¬ 
tion  for  free  acid  and  water  present  in  the  original  sample,  is  equivalent  to 
the  quantity  of  primary  amide  present. 


CALCULATIONS 

Milliliters  of  sample  minus  milliliters  of  blank  =  A 
A  x  N  CH3ONa  x  mol.  wt.  of  amide  x  100 

- — - 7 - : - — — - =  %  primary  acid  amide 

Grams  of  sample  x  1000 

Interfering  substances  in  the  foregoing  procedure  consist  mainly  of  free 
acid  and  water.  These  materials  should  be  determined  in  the  original 
samples  and  the  corrections  applied  to  the  results  of  the  amide  analysis. 
The  water  hydrolyzes  the  acid  chloride  to  liberate  3,5-dinitrobenzoic  acid 
and  hydrochloric  acid.  Secondary  and  tertiary  amides  generally  do  not 
interfere  in  the  analysis.  Amines  and  alcohols  do  not  affect  the  results 
beyond  the  fact  that  they  may  inactivate  some  of  the  reagent. 

To  test  this  procedure,  the  following  primary  amides  were  used: 
formamide,  acetamide,  propionamide,  butyramide,  isobutyramide,  n- 
valeramide,  heptamide,  succinamide,  glutaramide,  adipamide,  benzamide, 
salicylamide,  p-nitrobenzamide,  phthalamide,  furoamide. 

The  procedure  is  generally  accurate  and  precise  to  ±0.5  to  1.0%. 


HYPOBROMITE  TITRATION  OF  ALIPHATIC  AMIDES 
From  the  Method  of  W.  R.  Post  and  C.  A.  Reynolds 

[Anal.  Chem.,  36,  781  (1964)] 

hrJhe  u'ePu  ‘n  the  Hofmann  reaction,  the  production  of  N- 
bromoam.de  by  the  action  of  hypobromite  on  amide,  is  used  as  the  basis 

linha,  'Ve,  spectrophotometric  titration  procedure  for  primary 

aliphatic  amides.  A  sample  of  amide  is  dissolved  in  an  aqueous  solution 
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that  is  0.1  M  in  potassium  bromide  and  is  strongly  buffered  at  pH  10  with 
borax.  The  solution  is  titrated  with  a  standard  solution  of  calcium 
hypochlorite,  and  the  hypobromite  ion  produced  in  situ  and  the  amide 
immediately  react  to  form  the  N-bromoamide.  The  titration  is  followed 
by  observation  of  the  absorbance  of  hypobromite  ion  at  350  nm. 


REAGENTS  AND  APPARATUS 

Prepare  an  approximately  0.1N  solution  of  calcium  hypochlorite  by  dissolving 
reagent  grade  calcium  hypochlorite  in  water.  Filter  to  remove  solid  calcium 
carbonate.  Standardize  the  solution  iodometrically.  The  strength  decreases  ap¬ 
proximately  0.2%  per  week. 

Prepare  a  borate  buffer  by  adding  a  concentrated  carbonate-free  sodium 
hydroxide  solution  to  a  saturated  solution  of  sodium  tetraborate  until  a  pH  of 
10.0  is  reached. 

The  photometric  titration  apparatus  (34)  consisted  of  a  Beckman  Model  DU 
monochromator  and  an  ultraviolet  light  source,  a  cubical  glass  cell  of  125-ml 
capacity,  and  an  American  Instrument  Company  photoelectric  microphotometer 
unit. 

A  calibrated  10-ml  microburet  was  used,  and  both  mechanical  and  magnetic 
stirring  was  employed. 


PROCEDURE 

Pipet  a  10-ml  aliquot  containing  0.15  mM  of  amide  into  a  quartz 
titration  cell  and  follow  with  5  ml  of  1M  potassium  bromide  solution  and 
30  ml  of  the  borax  buffer.  Titrate  the  mixture  with  the  standard  hypochlo¬ 
rite  solution.  Take  absorbance  readings  at  350  nm  when  equilibrium  has 
been  reached  after  the  addition  of  each  increment  of  titrant.  Perform 
blank  titrations  in  the  same  manner,  but  add  10  ml  of  water  in  place  of 
the  amide  aliquot. 


RESULTS  AND  DISCUSSION 

Table  14  gives  the  results  for  the  titration  of  a  number  of  representa¬ 
tive  aliphatic  amides.  Although  most  of  the  results  reported  were  ob¬ 
tained  with  0.15-mM  samples,  variation  in  the  sample  size  trom  0.0 
0.34  mM  did  not  influence  either  the  average  result  or  the  precision. 

34  r,  w.  McKinney  and  C.  A.  Reynolds,  Talanta.  1.  46  (1958). 
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Table  14.  Photometric 

Amide" 

Titration 

Amides 

Number 

of 

Trials 

of  Primary  Aliphatic 

Average 

Purity,  Standard 

%  Deviation6 

Formamide 

4 

98.9 

0.4 

Acetamide 

16 

99.6 

-0.4% 

Propionamide 

4 

100.6 

0.6% 

n-Butyramide 

4 

99.4 

1.0 

n-Valeramide 

4 

99.7 

0.9 

a-Chloroacetamide 

4 

100.7 

0.4 

Trichloroacetamide 

3 

103.0 

0.0 

Adipamide 

4 

96.5 

0.3 

Acrylamide 

3 

98.6 

0.6 

Furamide 

6 

100.5 

1.3 

Nicotinamide 

3 

101.0 

0.1 

Succinamide 

3 

98.7 

0.6 

a  Sample  0.15  mM,  except  for  adipamide  and  furamide,  for 
which  0.08  mM  was  taken. 

b  In  the  case  of  acetamide  and  propionamide,  relative  error 
is  reported. 

The  reaction  can  be  represented  as  follows: 

O  O 


RCNH2  +  OBr  RCNHBr  +  OH~ 

At  350  nm  hypobromite  is  the  major  absorbing  species,  whereas  N- 
bromoamide  absorbs  only  slightly. 

If  too  long  a  time  is  taken  for  the  titration  in  the  case  of  propionamide 
and  the  higher  primary  aliphatic  amides,  the  action  of  hypobromite  on  the 
bromoamide  and  on  the  subsequent  reaction  products  results  in  a  de¬ 
crease  in  absorbance  of  the  hypobromite  and  causes  errors  in  the  final 
results.  To  prevent  error,  the  hypobromite  is  added  quickly  from  a  buret 
until  enough  has  been  added  to  overrun  the  end  point;  absorbance 
readings  due  to  the  excess  hypobromite  are  then  taken  at  three  or  four 
increments  of  titrant  beyond  this  point.  The  best  straight  line  drawn 
t  rough  these  three  or  four  points  constitutes  the  second  slope  of  the 
titration  curve.  The  first  slope  of  the  titration  curve  in  the  case  of  these 
amines  was  constructed  by  measuring  the  absorbance  of  a  freshly  pre¬ 
pared  solution  of  N-bromopropionamide  at  350  nm,  calculating  a  molar 

the  film 0  I*  C°mp0Und’  and  then  calculating  the  absorbance  of 

the  titration  solution,  assuming  a  stoichiometric  yield  of  N- 

romopropionamide.  This  standard  first  slope  of  the  titration  curve  was 
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used  in  all  results  reported  for  propionamide,  n-butyramide,  n- 
valeramide,  and  adipamide.  Because  of  the  very  small  slope  of  this  initial 
portion  of  the  titration  curve,  changes  in  concentration  of  the  amide  being 
titrated  caused  almost  no  change  in  the  final  percentage  purity  calculated 
from  the  results  of  the  titration. 

In  the  cases  of  all  the  other  amides,  except  acrylamide,  the  first  slope  of 
the  titration  curve  was  experimentally  measured  each  time  because  the 
subsequent  attack  of  the  N-bromoamide  occurred  so  slowly  that  no 
appreciable  oxidation  of  the  products  by  hypobromite  took  place  within 
at  least  20  minutes. 

Acrylamide  and  hypobromite  continue  to  react  beyond  the  theoretical 
formation  of  N-bromoacrylamide,  rendering  direct  titration  of  this  amide 
impossible.  A  number  of  other  amides  could  not  be  determined  by  this 
procedure  for  a  variety  of  reasons.  Nonamide  and  oxamide  are  not 
soluble  enough  in  water  to  produce  a  solution  capable  of  titration.  The 
formation  of  the  N-bromo  derivative  of  isobutyramide  proceeds  so  slowly 
compared  with  the  rearrangement  of  N-bromoisobutyramide  that  no 
titration  was  feasible.  In  the  case  of  malonamide,  consistently  high  results 
were  always  obtained,  indicating  that  partial  bromination  of  the 
methylene  carbon  atom  was  also  taking  place. 

Esters,  alcohols,  nitriles,  carboxylic  acids,  and  ethers  do  not  interfere; 
but  amines,  aldehydes,  and  methyl  ketones  were  oxidized  under  the 
conditions  of  the  titration  and  high  results  were  obtained.  However 
preoxidation  of  the  sample  solution  with  bromine  in  neutral  solution 
removes  the  interference  of  all  three  of  these  functional  groups.  Most 
aromatic  amides  and  N-methylformamide  interfere  in  this  procedure  but 
the  presence  of  higher  N-alkyl  amides  and  the  di-N-alkylamides  do  not 
cause  any  interference. 


Method  of  R.  D’ Alonzo  and  S.  Siggia 

[. Reprinted  in  Part  from  Anal.  Chem.,  49,  262  (1977)] 

This  procedure  is  based  on  a  modified  Hofmann  reaction. 

RCONH2  +  2Ba(OH)2  +  Br2  — *  RNH2  +  BaC03|  +  BaBr2  +  2H20 
Barium  hypobromite  and  primary  amides  react  quantitatively  to  produce 
the  amine  plus  insoluble  barium  carbonate.  Similarly,  barium  hypobro¬ 
mite  and  irnides  react  to  produce  barium  carbonate  and  the  barium  salts 
of  the  resulting  amino  acids.  The  separated  insoluble  barium  carbonate  is 
dissolved  in  nftric  acid,  and  its  barium  content  is  determined  by  flam 
emission  spectrometry.  The  method  applies  to  primary : 
aliphatic  and  aromatic  in  the  presence  of  secondary  and  tertiary  amides. 
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The  method  is  highly  selective  because  few  other  functional  groups 
produce  insoluble  barium  salts. 


REAGENTS 


barium  hypobromite  solution.  Add  200  ml  of  distilled  deionized  water  to 
0.03  mole  of  barium  hydroxide  (Ba(0H)2*9H20).  Stir  for  1  hour  and  filter 
through  a  fine  frit  (4-5.5  /u.m)  Pyrex  glass  funnel.  Add  0.01  mole  of  reagent  grade 
liquid  bromine.  The  final  concentration  of  barium  hypobromite  should  be  be¬ 
tween  0.025  and  0.075M  Higher  concentrations  result  in  serious  side  reactions 
with  aromatic  amides.  The  hypobromite  solution  is  not  stable  and  should  be 
discarded  after  24  hours  if  not  used. 

nitric  acid  reagent.  Mix  1  volume  of  concentrated  nitric  acid  and  1  volume 
of  distilled  deionized  water. 

barium  stock  solution.  Transfer  a  weighed  sample  of  0.10  to  0.15  gram  of 
dry  barium  carbonate  to  a  1-liter  volumetric  flask,  dissolve  with  the  least  of  1  :4 
nitric  acid-water  and  dilute  to  volume  with  distilled  deionized  water. 
potassium  chloride  stock  solution.  Dissolve  38  grams  of  potassium 
chloride  (Fisher-Certified  ACS-0.001%  Ba)  with  sufficient  distilled  deionized 
water  to  make  1  liter  of  solution. 

standard  barium  solution  for  calibration.  Prepare  with  appropriate  ali¬ 
quots  of  barium  stock  solution,  add  10  ml  of  potassium  chloride  stock  solution, 
and  dilute  to  volume  with  distilled  deionized  water  in  100-ml  volumetric  flasks. 


APPARATUS 


A  Perkin-Elmer  403  Atomic  Absorption  Spectrometer  operated  in  the  flame- 
emission  mode  was  used  to  measure  intensities  in  the  ultraviolet  region  at  a 
wavelength  of  276.8  nm.  A  nitrous  oxide-acetylene  flame  was  used. 


PROCEDURE 


Pipet  a  2-ml  sample  of  amide  solution  into  a  15x150  mm  test  tube 
The  eoneentration  of  amide  should  be  between  1.00  and  4  00  uM  per 
m  '  .tel-  Add  an  equal  volume  of  barium  hypobromite  reagent  mrd  seal 
the  top  of  the  test  tube  with  Parafilm.  Mix  the  contents  of  the  test  tube 
and  make  a  small  pin  hole  in  the  Parafilm.  Place  the  tes,  tube  in  ™ 
bath  maintained  between  70  and  75°C  for  10  to  15  minutes  After  this 

. . 
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Filtration  of  cold  solutions  results  in  longer  filtration  duration,  therefore 
higher  blank  values,  because  the  reagent  is  in  contact  with  atmospheric 
carbon  dioxide  for  a  longer  period.  Transfer  the  contents  of  the  test  tube 
to  a  fine  frit  (4-5.5  /Ltm)  Pyrex  glass  funnel  along  with  two  5-ml  washings 
from  the  test  tube.  Allow  each  washing  to  pass  completely  through  the 
filter  before  the  next  portion  is  added;  otherwise,  high  blank  values  will 
result  because  of  incomplete  washing  of  excess  barium  hydroxide.  When 
filtration  is  complete,  transfer  a  clean  suction  flask  to  the  vacuum  filtering 
apparatus  and  add  10  ml  of  1:1  concentrated  nitric  acid-water  to  the 
filter  funnel  from  the  test  tube  to  dissolve  the  barium  carbonate.  After  1 
to  2  minutes,  add  an  additional  5  ml  of  distilled  deionized  water  to  the 
funnel  and  apply  suction.  Then  use  two  15-ml  portions  of  water  from  the 
test  tube  to  wash  the  filter  of  final  traces  of  barium  and  nitric  acid. 
Transfer  the  contents  of  the  suction  flask  to  a  100-ml  volumetric  flask 
containing  10  ml  of  potassium  chloride  solution  and  dilute  to  volume  with 
rinsings  from  the  suction  flask.  Run  a  blank  for  each  glass  filter  funnel 
used  in  the  determinations.  Prepare  the  blanks  in  the  same  manner  as  the 
samples  with  distilled  deionized  water  in  place  of  the  amide  solution.  Use 
water  from  the  same  batch  that  was  used  to  prepare  the  amide  solution  to 
prevent  errors  due  to  differences  in  dissolved  carbon  dioxide  content. 
Analyze  both  the  sample  and  blank  solutions  for  barium  content  by 
flame-emission  spectrometry. 


RESULTS  AND  DISCUSSION 

optimum  concentration  of  reagents.  The  concentration  of  bromine  in 
the  reagent  is  critical  in  this  procedure.  A  high  concentration  of  bromine 
will  result  in  high  recoveries  for  aromatic  amides  because  of  the  serious 
side  reaction  of  bromination,  which  yields  an  insoluble  organic  precipi¬ 
tate  The  resulting  mixed  precipitate  of  a  brominated  aromatic  and 
barium  carbonate  becomes  difficult  to  wash  free  of  excess  barium  hydrox¬ 
ide  in  the  reagent.  A  final  concentration  of  0.025 M  barium  hypobromite 
after  the  addition  of  reagent  to  sample  was  found  to  g^e  satisiac  ory 
results  for  selected  amides  and  imides,  as  indicated  in  Table  15.  The 

recommended  low  concentration  of  bromine  and  high  alka  i"e  ljonce"  r^ 
tion  were  found  to  eliminate  the  problem  of  bromination  of  al  aromatic 

SLir-t  =;'»  sxsst  seas 
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Table  15.  Determination  of  Primary  Amides  by  Flame-Emission  Spectrometry 

Amides 


Compound 

Concentration, 
p  M/ml 

Taken, 

pM 

Found, 

pM 

Recovery," 

% 

Acetamide 

1.705 

3.41 

3.41 

100.0  ±  5.8  (5) 

Propionamide 

2.79 

5.58 

5.31 

95.2  ±  5.1  (9) 

Butyramide 

1.425 

2.85 

2.80 

98.2  ±  4.8  (4) 

Isobutyramide 

2.685 

5.37 

5.17 

98.3  ±  5.5(5) 

Valeramide 

1.095 

2.19 

2.19 

100.0  ±  8.6(6) 

Isovaleramide 

1.75 

3.50 

3.44 

98.3  ±  6.5(5) 

Adipamide 

1.04 

2.08 

2.07 

99.5  ±  5.5  (5) 

2-Chloroacetamide 

2.82 

5.64 

3.19 

56.6  ±13.0  (6) 

Acrylamide 

3.835 

7.67 

8.05 

105.0  ±  1.8(5) 

Methacrylamide 

2.545 

5.09 

5.03 

98.8  ±  6.0(4) 

Benzamide 

2.35 

4.70 

4.64 

98.7  ±  3.2(5) 

p-Nitrobenzamide 

2.75 

5.50 

5.61 

102.0  ±  3.0(6) 

p-Toluamide 

2.155 

4.31 

4.44 

103.0  ±  5.1(5) 

o-Toluamide 

2.05 

4.10 

4.14 

101.0  ±  4.1(6) 

Salicylamide 

2.265 

4.53 

6.80 

150.0  ±  2.6(6) 

Nicotinamide 

1.805 

3.61 

3.58 

99.2  ±  6.5  (6) 

Pyrazinamide 

1.615 

3.23 

3.29 

102.0  ±  3.6(6) 

Succinimide 

1.38 

2.76 

2.76 

100.0  ±  6.5(5) 

Phthalimide 

0.805 

1.61 

1.63 

101.0  ±  2.7(5) 

Figures  in  parentheses  indicate  number  of  determinations. 


to  1  ppm,  which  corresponds  to  approximately  1.5  to  7.0  p.M  of  amide. 
Because  barium  is  partially  ionized  in  the  nitrous  oxide-acetylene  flame, 
potassium  chloride  solution  is  added  to  all  standards  and  samples  to 
suppress  ionization.  The  optimum  concentration  of  potassium  was  deter- 

baTium  eXPerimenta'ly  ^  2000  mg  Per  'iter  f°r  3  2-ppm  S0luti0n  of 

solubility  OF  BARIUM  carbonate.  The  solubility  of  barium  carbonate  in 
pure  water  at  20°C  is  reported  to  be  0.002  gram  per  100  cm3  (35)  This 
corresponds  to  O.IO^M  of  barium  carbonate  per" milliliter  Becauslo 

o'ubitv  Cf7rtrati0n  K°f  bariUm  in  thC  rea^nt’  however,  the  actual 
solubility  of  barium  carbonate  is  much  less  than  that  reported  for  nure 

2™  Jr  u2 w  ™,h  ,he  w-'  ™  ™,in.,2r.t  o-c  o 

minimize  losses  due  to  solubility  10 

SOURCE  OF  THE  blank.  Two  main  factors  were  found  to  contribute  to  the 

35'  oieve  1^97“  wrjMof  “nd  Physks’  Chemical  Rubber  Company, 
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unexpected  high  blank:  barium  carbonate  production  resulting  from 
contact  of  the  reagent  with  atmospheric  carbon  dioxide,  and  adsorption  of 
barium  from  solution  on  the  glass  frit  filter.  Adsorption  of  barium  on  the 
glass  frit  was  found  to  be  directly  related  to  the  flow  rate  of  the  filter  used 
(Fig.  3.17).  The  large  difference  between  the  slowest  and  fastest  filters 
indicated  that  adsorption  was  the  chief  contributor  to  the  blank.  A  second 
study  was  done  to  determine  the  amount  of  blank  attributable  to  adsorp¬ 
tion.  The  extrapolated  value  of  the  y-axis  of  a  blank  versus  time  curve  is 
the  amount  of  barium  in  the  blank  when  the  reagent  is  exposed  to 
atmospheric  carbon  dioxide  at  zero  time  or  simply  the  blank  due  to 
adsorption.  The  data  for  the  curve  were  obtained  with  the  same  filter  and 
were  found  to  be  reproducible.  The  blank  value  due  to  adsorption  divided 
by  the  corresponding  value  for  the  same  filter  in  Fig.  3.17  is  the 
percentage  of  the  total  blank  due  to  adsorption.  This  value  was  found  to 
be  83%;  that  is,  17%  of  the  blank  resulted  from  atmospheric  carbon 
dioxide  interference.  Thus  5%  of  the  total  barium  carbonate  produced 
from  a  5-/u,M  sample  of  amide  is  due  to  carbonate  production  from 
atmospheric  carbon  dioxide.  Because  the  blank  due  to  adsorption  is 
reproducible  and  the  blank  due  to  atmospheric  carbon  dioxide  may  vary, 
the  actual  “working  blank”  is  due  only  to  atmospheric  carbon  dioxide. 
This  value,  as  stated,  is  on  the  order  of  an  acceptable  5%,  which  is 
reflected  in  the  good  accuracy  of  the  results.  No  efforts  were  made  to 
reduce  this  value  by  working  in  a  carbon  dioxide-free  atmosphere  be¬ 
cause  of  the  undesirable  increase  in  total  analysis  time  that  would  have 


resulted.  . 

utility  of  the  hofmann  reaction.  The  Hofmann  reaction  in  the  past  has 

not  been  regarded  as  a  useful  analytical  reaction  for  two  reasons:  (1)  it 
has  always  been  considered  to  be  a  synthetic  method,  and  (2)  the 
resulting  amine  is  not  always  produced  quantitatively.  Table  16  gives 


blank. 
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Table  16.  Product  Recovery  Comparison  for  the  Hofmann 

Reaction 

Recovery,  % 


Compound 

Barium  Carbonate 
Flame  Emission0 

Amine 

Literature'’ 

Acetamide 

100 

70-80 

Propionamide 

95 

85 

n-Butyramide 

98 

90 

Isovaleramide 

98 

90 

Benzamide 

99 

Good 

Salicylamide 

150 

70 

Acrylamide 

105 

Poorc 

Methacrylamide 

99 

Poorc 

2-Chloroacetamide 

57 

Poorc 

a  Values  reported  are  from  Table  15. 
h  Values  reported  are  for  isolated  amine,  Ref.  36. 
c  Yield  obtained  in  aqueous  media. 


literature  values  for  isolated  amine  produced  (36)  compared  with  values 
for  barium  carbonate  produced  for  the  same  amides.  It  can  be  seen  that 
for  many  aliphthatic  and  aromatic  amides,  both  the  amine  and  the 
carbonate  are  produced  in  excellent  yields.  In  many  cases,  however, 
particularly  where  other  functionalities  are  present  in  the  molecule,  the 
production  of  carbonate  is  quantitative  and  the  production  of  amine  is 
poor.  This  is  particularly  true  when  the  other  functionality  is  subject  to 
the  reactive  bromine  in  the  reagent  such  as  halohydrin  formation  or  even 
oxidation  of  double  bonds  by  hypobromite  (37).  2-Chloroacetamide  was 
the  only  compound  tested  that  gave  a  low  recovery  of  barium  carbonate. 
This  is  not  surprising  because  a-haloamides  have  been  reported  to  give 
low  yields  of  the  expected  amine  with  many  side  reactions  producing 
aldehydes,  ketones,  and  gem-dihalides  as  the  common  products  (38). 
other  interferences.  No  interferences  were  observed  from  secondary 
and  tertiary  amides  and  nitriles  as  long  as  the  reaction  temperature  did 
not  exceed  75°C.  At  higher  temperatures  (95-100°C)  these  compounds 
have  been  observed  to  result  in  high  barium  carbonate  recoveries 
Isocyanates  will  interfere  by  hydrolysis  to  produce  barium  carbonate  but 
these  compounds  are  seldom  found  in  combination  with  primary  amides 
amide  mixtures.  Successful  determinations  for  total  amide  content  in 
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Table  17.  Determination  of  Total  Primary  Amide  in  Mixtures 

Amides 


Mixture 

Concen¬ 
tration, 
p  M/ml 

Taken, 

pM 

Found, 

pM 

Recovery,0 

% 

Acrylamide,  3.83  pM, 

±merthacrylamide,  2.55  pM 

6.38 

6.38 

6.34 

99.4  ±2.4  (6) 

Butyramide,  2.41  pM, 

+  isobutyramide,  2.61  pM 

5.02 

5.02 

4.77 

95.0  ±4.8(7) 

Propionamide,  1.50  p M, 

±  butyramide,  1.41  p  M 

2.91 

2.91 

2.86 

98.3  ±6.6  (7) 

a  Figures  in  parentheses  indicate  number  of  determinations. 


three-amide  mixtures  have  been  accomplished.  The  results  are  reported 
in  Table  17.  This  method  should  be  of  particular  value  for  the  determina¬ 
tion  of  total  primary  amide  content  at  trace  levels  in  a  mixture  containing 
esters  and  anhydrides. 

reaction  time.  Completeness  of  reaction  as  a  function  of  time  for 
benzamide  was  studied.  The  results  indicate  that  the  reaction  is  complete 
after  12  minutes  of  heating  at  70°C.  Benzamide  was  chosen  because 
alkylamides  and  benzamides  substituted  with  electron-donating  groups, 
such  as  methyl,  react  more  readily.  A  longer  reaction  time  of  20  minutes 
was  required  for  the  determination  of  p-nitrobenzamide  because  the 
electron-withdrawing  nitro  group  retards  the  rearrangement. 


HYPOCHLORITE  TITRATION  OF  PRIMARY  AMIDES 

Method  of  W.  R.  Post  and  C.  A.  Reynolds 

[Reprinted  in  Part  from  Anal.  Chem.,  37,  1171  (1965) J 

This  procedure  can  be  used  for  both  aliphatic  and  aromatic  amides. 
The  sample  of  amide  is  dissolved  in  a  dioxane-water  mixture  that  is  1 M 
in  hydrochloric  acid  and  titrated  with  a  standard  solution  of  calcium 
hypochlorite  to  an  amperometric  end  point. 


REAGENTS  AND  APPARATUS 

calcium  hypochlorite  solution.  Prepare  an  approximately  0.5N  aqueous 
solution  from  reagent  grade  calcium  hypochlorite.  Filter  to  remove  solid  calcium 

carbonate.  Standardize  the  solution  iodometrically. 

The  amperometric  titration  apparatus  consisted  of  a  dry  cell  potential  source,  a 
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divider,  an  RCA  Model  WV-848  microammeter,  a  Leeds  and  Northrup  pH 
meter,  a  rotating  platinum  electrode,  and  a  saturated  calomel  electrode. 

PROCEDURE 

Using  aqueous  hydrochloric  acid,  dilute  a  25-ml  aliquot  of  sample 
solution  containing  0.5  mM  of  amide  in  dioxane  to  exactly  150  ml,  so  that 
the  final  solution  is  approximately  1 M  in  hydrochloric  acid  and  20% 
dioxane.  Set  the  applied  potential  to  +0.4  volt  versus  a  standard  calomel 
electrode,  and  add  the  calcium  hypochlorite  titrant  in  0.5-ml  increments. 
Take  the  resulting  current  readings  after  the  addition  of  each  increment 
of  titrant,  corrected  for  dilution,  and  plot  against  the  volume  of  titrant. 
Draw  the  best  straight  line  through  the  experimental  points  and  take  the 
intersection  of  these  lines  as  the  end  point. 

RESULTS  AND  DISCUSSION 

Table  18  presents  the  results  of  the  titration  of  a  number  of  primary 
amides.  Although  these  results  were  obtained  with  0.5-mM  samples 
of  amide,  as  small  a  sample  as  0.05  mM  was  titrated  with  0.05 N  calcium 
hypochlorite  with  only  slight  decrease  in  accuracy  and  precision.  A 
titration  can  be  completed  in  about  10  minutes. 

The  excess  chlorinating  agent  slowly  decomposes  after  the  end  point  of 
the  titration  has  been  passed.  The  rate  of  decomposition  is  apparently  1% 
per  minute.  The  following  technique  was  developed  to  eliminate  errors 
due  to  the  slight  instability  of  the  chlorinating  agent.  A  direct  titration 
was  carried  out,  but  the  first  experimental  point  after  the  end  point  was 
taken  with  only  a  slight  excess  (usually  about  25%)  of  hypochlorite.  The 
remaining  point,  which  determined  the  second  segment  of  the  titration 

curve,  was  then  assumed  to  be  constant  if  the  current  decreased  less  than 
1  p.A  per  minute. 

Table  18.  Amperometric  Titration  of  Primary  Amides 

Average  Standard 
Number  Apparent  Deviation, 

Amide  of  Trials  Purity,  %  % 

Benzamide  8 

o-Toluamide  9 

p-Toluamide  5 

Acetamide  6 

Propionamide  3 

n-Butyramide  3 


99.6  0.6 

100.6  0.9 

97.0  0.6 

99.6  1.3 

100.0  0.7 

100.4  0.5 
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The  procedure  can  be  used  successfully  for  primary  aliphatic  amides 
and  for  aromatic  amides  that  are  not  substituted  or  are  substituted  with 
only  alkyl  groups.  The  presence  of  other  functional  groups  substituted  on 
the  aromatic  ring  in  general  causes  interference  in  the  determination  of 
the  amide  group.  Electron-withdrawing  groups  such  as  nitro  and  carboxyl 
reduce  the  rate  of  N-chlorination  and  also  affect  the  equilibrium. 
Electron-donating  groups  activate  the  ring  so  that  chlorination  of  the  ring 
takes  place  readily,  and  the  exact  stoichiometry  of  the  titration  reaction 
becomes  uncertain.  In  addition,  substituted  groups  such  as  amino,  car¬ 
bonyl,  and  hydroxyl  are  easily  oxidized  by  hypochlorous  acid  in  the 
titration  medium. 


CYCLOPROPYLAMIDES  DETERMINED  BY  A  MODIFIED  MERCURIC 
ACETATE  PROCEDURE 

The  titration  methods  for  weakly  basic  amides  are  not  generally  applic¬ 
able  to  cyclopropylamides  because  of  their  nearly  neutral  and,  in  some 
cases,  weakly  acidic  character.  The  mercuric  acetate  procedure  of  John¬ 
son  and  Fletcher  (p.  519)  with  slight  modifications  can  be  used  for  these 
compounds. 


Method  of  J.  G.  Theivagt 

[ Reprinted  in  Part  from  Anal.  Chem.,  33,  1391  (1961)] 

PROCEDURE 

Use  the  procedure  as  described  by  Johnson  and  Fletcher,  except  allow 
the  reaction  mixtures  to  stand  at  room  temperature  instead  of  at  —10  C 
used  for  vinyl  ethers. 

DISCUSSION  AND  RESULTS 

The  mechanism  for  the  methoxymercuration  of  cyclopropylamides  was 
presumed  to  be  similar  to  that  suggested  for  cyclopropane  by  Levina  and 
Kostin  (39),  who  showed  that  the  ring  opening  occurred  between  the 
substituted  and  unsubstituted  carbon  atoms,  with  the  methoxy  group 
adding  to  the  substituted  carbon. 

39.  R.  Y.  Levina  and  V.  N.  Kostin,  J.  Gen.  Chem.,  USSR,  23,  1054  (1953). 
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Hg(OCOCH3)2  +  RCONHCH 


,CU 


CH, 


OCH3 

RCONHC 

CH2CH2HgOCOCH3  +  CH3COOH 


Table  19  lists  several  compounds  of  a  related  nature  which  were  tested 
under  the  conditions  of  the  general  method.  Only  the  N-allyl  amide 
analogs  would  cause  any  appreciable  interference  if  present  as  impurities. 

Table  20  gives  results  for  various  cyclopropylamides.  Secondary  cyclo- 
propylamides  reacted  completely  in  all  cases  within  30  minutes  at  room 
temperature  except  for  N-cyclopropyl-2,3,4,5,6-pentachlorbenzamide 
and  N-cyclopropylisonicotinamide,  which  required  refluxing.  On  the 
other  hand,  tertiary  cyclopropylamides  were  much  less  reactive.  Table  20 
includes  two  tertiary  cyclopropylamides  that  gave  no  reactions. 


DETERMINATION  OF  TRACES  OF  AMIDES 

Trace  quantities  of  amides  can  be  determined  colorimetrically  in  two 
ways — by  the  hydroxamic  acid-ferric  complex,  much  like  the  esters,  and 

Table  19.  Compounds  Unreactive  in  Mercuric  Acetate  Procedure 


4- Amino-3, 5-dichlorobenzamide 
4- Amino-3, 5-dichlorobenzoic  acid" 

4- Amino-3, 5-dichloro-N-isopropylbenzamide 

4- Amino-N-cyclopentyl-3, 5-dichlorobenzamide 

4- Amino-N-cyclobutyl-3, 5-dichlorobenzamide 

4- Amino-N-(cyclopropylmethyl)-3, 5-dichlorobenzamide 

4-Amino-N-cyclopropyl-3,5-dichloro-N-(hydroxyethyl)benzamide 

4- Amino- N-benzyl-N-cyclopropy  1-3, 5-dichlorobenzamide 

N-Allyl-4-amino-3,5-dichlorobenzamideb 

Cyclopropyl  ketone 
Cyclopropyl  ketoxime 

"  Acid  function  corrected  by  titration. 
b  One-tenth  of  theoretical  addition  occurred. 
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Table  20.  Determination  of  Cyclopropylamides  by  Mercuric  Acetate  Titration 


Compound 


Percentage 


N-Cyclopropylbenzamide 

4-Amino-N-cyclopropyl-3,5-dichlorobenzamide 

N-Cyclopropyl-3,4,5-trimethoxybenzamide 

4-Bromo-N-cyclopropylbenzamide 

4-Chloro-N-cyclopropylbenzamide 

N-Cyclopropyl-2,3,4,5,6-pentachlorobenzamideu 

N-Cyclopropyl-4-(trifluoromethyl)benzamide 

N-Cyclopropylcyclopropanecarboxamide 

N-Cyclopropylisonicotinamidea 

N-Cyclopropyl-3-methylenecyclobutanecarboxamidef’ 

N-Cyclopropyl-2-furamide 

N,N'-Biscyclopropylphthalamidec 

N-Cyclopropyl-3,4,5-trimethoxycinnamideJ 

N-Cyclopropyl-3,5-dichloro-4-ethoxybenzamide 

N-Cyclopropylphenylcarbamate 

N,  N'-Biscyclopropyl-2-methyl-2-n -propyl- 1,3-propane- 


98.3,98.7 
99.0,99.0 
99.0,  99.0 
97.3,96.9 

96.8.96.5 

99.4,  99.8 

98.3.98.7 

98.3.98.5 
96.0,  95.9 

92.4,  92.1 
99.0,  98.6 
98.1,98.2 
99.0,  100.0 

102.0,101.8 

97.6.97.7 


dioldicarbonatec 

N-Benzyl-N-cyclopropylurethane 
l-Cyclopropyl-3-o-tolylurea 
1 ,3-Biscyclopropylureac 
l-Cyclopropyl-3-(p-toluenesulfonyl)ureae 


100.1,  100.0 
102.5,  102.5 
96.9,96.9 
94.6,94.8 
97.5,97.5 


a  Refluxed  in  reagent  for  30  minutes. 
b  Both  methylene  and  cyclopropyl  groups  reacted. 
c  Both  cyclopropylamide  groups  reacted. 
d  Reacted  for  30  minutes  at  -10°C. 
e  Corrected  for  acid  function  by  titration. 

also  by  hydrolysis  and  colorimetric  determination  of  the  ammonia  or 
amine  produced. 

Ferric-Hydroxamate  Method 

[ Adapted  from  F.  Bergmann,  Anal.  Chem.,  24,  1367-9  (1952)] 
reagents 

The  reagents  used  differed  but  slightly  from  those  described  by  Hestrin  (24). 
Solution  1.  Hydroxylamine  sulfate,  2 N 
Solution  2.  Sodium  hydroxide,  3.5 N 
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PROCEDURE 

All  amides  used  in  this  investigation  were  dissolved  in  water  at  concen¬ 
trations  of  5  or  10  x  1(T3M  The  alkaline  hydroxylamine  reagent  (2  ml), 
prepared  by  mixing  equal  volumes  of  solutions  1  and  2,  and  graded 
volumes  of  the  amide  solution,  with  the  addition  of  enough  water  to  give 
a  total  volume  of  3  ml,  was  kept  at  various  temperatures  for  different 
periods  of  time.  The  reaction  mixture  was  then  rapidly  cooled  to  room 
temperature,  1  ml  each  of  solutions  3  and  4  were  added,  and  the 
extinction  was  determined  in  a  Klett-Summerson  photoelectric  colorime¬ 
ter,  using  filter  No.  54  (spectral  range  500-570  nm).  A  No.  50  filter 
(spectral  range  470-530  nm)  was  used  for  fluoroacetamide,  because 
fluoroacethydroxamic  acid  has  its  maximum  of  absorption  near  500  nm.* 
Readings  were  carried  out  within  5  minutes.  The  color  of  the  complexes 
fades  slowly,  showing  a  decrease  of  15  to  20  Klett  units  per  micromole 
per  hour.  In  the  case  of  fluoroacethydroxamic  acid,  fading  progressed 
much  faster,  about  50  Klett  units  per  micromole  per  hour.  Each  experi¬ 
ment  comprised  five  different  concentrations  of  amide  in  order  to  test  the 
linear  relationship  between  extinction  and  concentration.  This  relation¬ 
ship  was  found  to  hold  in  all  cases. 

In  preliminary  experiments  the  reaction  with  hydroxylamine  was  car¬ 
ried  out  at  various  pH  values.  For  both  acetamide  and  nicotinamide  the 
rate  of  reaction  increased  with  increasing  pH,  but  above  pH  13  the 
hydrolysis  by  hydroxyl  ion  became  faster  than  the  interaction  with  hyd¬ 
roxylamine.  Therefore,  the  standard  mixture  described  previously  with  a 
pH  of  about  13.8  was  used  for  all  determinations. 


RESULTS 


The  reaction  of  hydroxylamine  with  amides  was  studied  at  three 
different  temperatures,  namely  26,  60,  and  100°C.  It  was  found  that  the 
conditions  for  the  maximum  colorimetric  value  were  different  for  each 


compound.  Figures  3.18  and  3.19  show  representative  curves.  Pure 
acetohydroxamic  acid  gave  a  value  of  105  under  standard  conditions. 
Acetamide  reached  this  value  after  interaction  for  8  hours  at  26°C,  but  at 
60  C  the  maximum  reached  after  2  hours  was  only  90,  and  at  100°C,  65 
(reached  after  10  minutes).  Furthermore,  the  curves  showed  that  at  room 
temperature  the  maximum  persisted  over  a  period  of  several  hours,  at 
J  !°r  minutes,  and  at  100°C  less  than  5  minutes.  Since  other 
lishe<T  behaVCd  ln  3  similar  Ashton,  the  following  rules  can  be  estab- 


Any  standard  colorimeter  may  be  used  for  this  analysis. 
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Time,  hr.,  for  acetamide  at  26°C 


Fig.  3.18.  Rate  of  reaction  of  acetamide  (full  curves)  and  N-methylacetamide 
(dashed  curve)  with  hydroxylamide  at  various  temperatures.  Note  that  for  this 
reason  the  initial  slopes  for  the  acetamide  curves  at  26  and  60°C  are  not  identical. 


The  rate  of  reaction  between  amides  and  hydroxylamine  increases  with 
temperature,  but  a  competitive  reaction — namely,  the  hydrolysis  of  the 
amide — becomes  more  and  more  preponderant,  thus  depressing  the  yield 
of  hydroxamic  acid. 

If  the  reaction  time  is  extended  beyond  the  optimal  period  required  for 
maximum  colorimetric  yield,  a  gradual  decomposition  of  the  hydroxamic 
acid  already  formed  is  observed.  Therefore,  at  elevated  temperatures,  the 
optimal  period  is  considerably  shortened,  because  the  energy  of  the 
carbon— nitrogen  bond  in  amides  and  hydroxamic  acids  is  nearly  the  same 
and  because  conditions  that  lead  to  faster  hydrolysis  of  the  former  also 
produce  more  rapid  decomposition  of  the  latter. 

The  results  obtained  with  about  20  amides  are  represented  in  Table  21. 
We  can  now  relate,  in  many  cases,  the  rate  of  reaction  to  the  specific 
structure  of  an  amide.  For  example,  formamide  reached  its  maximum 
at  26  C  in  less  than  1  hour,  acetamide  after  8  hours.  Substitution  of 
amide  hydrogen  reduced  the  speed  of  reaction  considerably^N- 
Methylacetamide  (Fig.  3.18)  reached  its  maximum  after  7  hours  (60  U 
and  24  hours  (26°C),  respectively,  as  compared  to  2  and  8  hours  tor 
acetamide  itself.  The  corresponding  figures  for  formamide  were  10  and 
40  minutes,  for  dimethyl-formamide,  40  and  300  minutes  respectively  In 
accordance  with  this  observation,  acetylglycine  and  peptides  gave  a  slow 
reaction  and  low  colorimetric  values.  A  similar  relationship  was  found 
among  the  derivatives  of  nicotinamide.  Nicotinamide  itself  reached  its 
maximum  value  of  52  per  micromole  per  milliliter  after  reaction  for  8 
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hours  at  26°C,  whereas  its  N,N-diethyl  derivative  (coramine)  gave  a 
maximum  value  of  6  Klett  units  per  micromole  after  8  hours  at  60°C.  On 

the  other  hand,  the  quaternary  pyridinium  salt  (see  below)  behaved  like 
the  parent  compound. 


CONH, 


j+ 

CH, 


(ch3so4)- 


Substitution  in  the  acyl  residue  also  exerted  a  pronounced  influence, 
l  nis  can  be  demonstrated  in  two  ways! 

Fluoroacetamide  showed  the  fastest  reaction  of  all  acetamides,  reaching 
the  speed  of  reaction  of  formamide  (Fig.  3.19).  g 

Acetanilide  (Fig.  3.20),  which  was  used  as  representative  of  N- 

SeTu's  soJi0onee,h  reP°rted  *°  S'Uggishly  in  alcoholic  “lotion.  In 
aqueous  solution  there  was  rapid  reaction  with  hydroxylamine  which 

reached  its  maximum  at  60°C  after  3  hour,  ;uu,xylam,ne’  whlch 
acetylsulfanilamide  was  similar,  but  slower  reaCt'°n  °f  N  ' 


Table  21.  Optimal  Conditions  for  Conversion  of  Amides  into  Hydroxamic  Acids 


Klett 

Reading, 

Temperature,  Reaction  Units  per 
Name  of  Compound  °C  Time,  Min.  Micromole 


Acetamide 

60 

120 

90 

26 

480 

103 

N-Methylacetamide 

60 

420 

57 

Acetanilide 

60 

180 

70 

N1-Acetylsulfanilamide 

60 

240 

70 

Acetylglycine 

60 

240 

35 

Fluoroacetamide 

26 

60 

62 

Formamide 

26 

60 

80 

60 

10 

75 

Dimethylformamide 

26 

240 

45 

Succinimide 

60 

120 

85 

Caprolactam 

60 

420 

41 

Asparagine 

60 

180 

38 

Glutamine 

60 

180 

35 

Glutathione 

60 

120 

48 

Glycyclglycine 

60 

120 

25 

Nicotinamide 

26 

480 

45 

N1- Methyl  nicotinamide  methosulfate  (I) 

26 

360 

45 

Nicotinic  acid  methylamide 

60 

240 

30 

Coramine  (nicotinic  acid  diethylamide) 

60 

480 

6 

Pantothenic  acid,  calcium  salt 

26 

300 

89 

Barbitone 

100 

45 

1.7 

Pentobarbitone 

60 

300 

1.5 

Phenobarbitone 

100 

120 

/.  j 

Evipan,  sodium 

100 

30 

9 

hydroxylamine. 
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Succinimide,  in  agreement  with  theoretical  predictions,  gave  only  one 
equivalent  of  hydroxamic  acid— that  is,  the  maximum  value  of  85  was 
comparable  to  the  value  obtained  for  ethyl  hydrogen  succinate  (90).  This 
the  author  ascribes  to  the  fact  that  the  alkaline  reagent  converts  the 
amide  into  the  sodium  salt  of  the  monoamido  acid,  which  then  reacts  with 
hydroxylamine. 


Carboxylic  Imides 

Imides  can  sometimes  be  determined  by  hydrolysis,  but  this  is  quite 
rare.  They  can  be  titrated  as  acids  quite  readily,  however,  by  the  proce¬ 
dure  described  for  enols  on  pages  46-57.  Table  22  shows  imides  that 
have  been  determined  successfully.  The  table  was  obtained  from  the  same 
source  as  the  procedure.  Imides  have  also  been  determined  using  the 
modified  Hofmann  reaction  developed  by  D’Alonzo  and  Siggia  (see  p. 
208).  This  procedure,  however,  is  sensitive  to  the  presence  of  amides  as 
well. 


Compound 

Table  22 

Solvent 

Indicator 

°/ 

/  0 

Theoretical 

Dithiobiuret 

DMP 

Azo  violet 

99.8 

99.7 

Hydantoin 

DMF 

Azo  violet 

99.9 

99.6 

Phthalimide 

DMF 

Azo  violet 

99.0 

99.2 

Succinimide 

DMF 

Azo  violet 

99.7 

99.9 

Thiobarbituric  acid 

DMF 

Thymol  blue 

99.8 

99.7 

a  Dimethylformamide. 


Carboxylic  Acid  Chlorides  (40) 


In  most  existing  methods  for  the  determination  of  acid  chlorides  no 
attention  is  given  to  the  determination  of  the  hydrogen  chloride  and  the 
free  carboxylic  acid  they  contain.  In  fact,  the  hydrogen  chloride  present  is 


40.  Reprinted  in  part  with  permission  from  C.  R  Stahl  and 
1971-3  (1956). 


S. 


Siggia,  Anal. 


Chem .,  28, 


224 


Quantitative  Organic  Analysis 


often  an  interference  which  is  determined  as  acid  chloride.  Thus,  in  the 
sodium  acetate  titration  of  Usanovich  and  Yatsimirshii  (41),  the  sodium 
methylate  titration  of  Fritz  (42),  and  the  silver  nitrate  titration  of 
Drahowzal  and  Klamann  (43),  any  hydrogen  chloride  present  titrates, 
giving  high  values  for  acid  chloride.  Mitchell  and  Smith  (44)  were  able  to 
determine  acid  chlorides  without  interference  from  hydrogen  chloride  by 
making  the  chloride  react  with  pyridine,  hydrolyzing  with  water,  and 
titrating  the  excess  water.  Ackley  and  Tesoro  (45)  determined  the  free 
carboxylic  acid  in  acid  chloride  by  making  the  chloride  react  with  am¬ 
monia,  neutralizing  with  hydrochloric  acid,  and  extracting  and  titrating 
the  carboxylic  acid.  This  method,  however,  is  useful  only  for  chlorides  of 
long-chain  fatty  acids.  Pesez  and  Willemart  (46)  determined  both  hy¬ 
drogen  chloride  and  free  carboxylic  acid  by  indirect  means.  The  subtrac¬ 
tion  of  two  large  figures  to  obtain  the  small  values  for  hydrogen  chloride 
and  free  carboxylic  acid  in  this  method  makes  its  use  undesirable. 
Klamann  (47)  determined  the  hydrogen  chloride  content  of  acid  chlorides 
by  a  direct  titration  with  silver  nitrate  in  acetone;  however,  the  carboxylic 
acid  determination  is  also  indirect. 

Since  the  amounts  of  hydrogen  chloride  and  free  carboxylic  acid 
present  in  acid  chlorides  are  usually  small,  it  is  desirable  to  determine 
these  compounds  directly.  In  the  present  method  this  is  accomplished 
by  titrating  the  hydrogen  chloride  in  chlorobenzene-ether  with  N- 
tripropylamine,  and  the  free  carboxylic  acid  with  sodium  hydroxide  after 
the  acid  chloride  has  reacted  with  m-chloroaniline.  In  the  latter  titration, 


two  potential  breaks  are  obtained  (Fig.  3.21).  One  corresponds  to  the 
neutralization  of  the  amine  hydrochloride  formed  from  the  acid  chloride 
and  the  hydrogen  chloride,  and  the  other  represents  the  neutralization  of 
free  carboxylic  acid.  Thus  both  hydrogen  chloride  and  free  carboxylic  acid 
are  determined  by  direct  titration,  and  the  only  value  obtained  by 
difference  is  that  for  acid  chloride,  which  is  calculated  by  subtracting  the 
free  hydrogen  chloride  value  from  the  amine  hydrochloride  titration.  This 
subtraction  introduces  no  serious  error,  because  a  small  value  is  sub¬ 
tracted  from  a  large  value. 

Although  amines  have  been  used  in  several  previous  methods— 
Klamann  (47),  Ackley  and  Tesoro  (45),  and  Pesez  and  Willemart  (46) 
the  amines  employed  in  those  methods  were  too  strongly  basic  to  allow 

41.  M.  Usanovich  and  K.  Yatsimirshii,  J.  Gen.  Chem.  (USSR),  11,  957-8  (1941). 

42.  J.  S.  Fritz,  Anal.  Chem.,  23,  589-91  (1951). 

43  F  Drahowzal  and  D.  Klamann,  Monatsh.,  82,  470-2  (1951). 

"I  J  Mitchell  and  D.  M.  Smith,  Chemical  Analysis.  Vol.  V,  Aquame,ry.  Wiley- 

Interscience,  New  York,  1948,  pp.  369  71  p,  1R  444_r  n946) 

45.  R.  R.  Ackley  and  G.  C.  Tesoro,  Ind.  Eng.  Chem.. Ami  .Ed .U. 

46.  M.  Pesez  and  R.  Willemart,  Bull.  Soc.  Chim.  Fr.,  1948,  479  80. 

47.  D.  Klamann,  Monatsh .,  83,  719-23  (1952). 
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Fig.  3.21.  Titration  of  amine  hydrochloride  plus  carboxylic  acid 
with  sodium  hydroxide. 


differential  titration  of  the  amine  hydrochloride  and  free  carboxylic  acid. 
After  several  aromatic  amines  had  been  tried,  m-chloroaniline  was 
selected  for  use  in  the  present  method.  The  nitroanilines  were  found  to  be 
too  weakly  basic  to  prevent  loss  of  hydrogen  chloride  during  the  reaction, 
and  p-chloroaniline  caused  poor  breaks  on  titration.  The  naphthylamines 
caused  poor  breaks  and  also  gave  trouble  by  precipitating  during  the 
titration.  ra-Chloroaniline  was  found  to  be  a  strong  enough  base  to 

prevent  loss  of  hydrogen  chloride  but  not  too  strong  to  interfere  with  the 
titration. 


REAGENTS 


CP  Acetone,  anhydrous  diethyl  ether,  chlorobenzene,  standard  0.5 N  and  0.1N 
sodium  hydroxide,  standard  0.1N  N-tripropylamine  in  chlorobenzene,  and  freshly 
distilled  m-chloraniline  are  used. 


The  tripropylamine  (TPA)  may  be  standardized  against  maleic  acid  dissolved  in 
acetone  or  against  a  solution  of  dry  hydrogen  chloride  in  ether-chlorobenzene, 
which  has  been  standardized  by  dissolving  an  aliquot  in  acetone-water  and 
titrating  with  standard  0.1N  sodium  hydroxide.  If  the  maleic  acid  standardization 

IS  used,  It  should  be  remembered  that  only  one  carboxy  group  on  the  maleic  acid 
can  be  titrated  with  tripropylamine. 


PROCEDURE  A 


Dissolve  an  exactly  weighed  sample  of  acid  chloride  containing  not 
rnore  than  0.001  mole  of  hydrogen  chloride  in  a  1:1  mixture  of  ether- 
chlorobenzene  and  titrate  potentiometrically  with  standard  0  1 N  ' 
propylamine  in  chlorobenzene,  nSi„g  a  ,„J  Z 
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chloride  titrates,  and  the  break  occurs  between  350  and  150  mV  (Fig. 

3.22).  The  percentage  of  hydrogen  chloride  is  calculated  using  the  follow¬ 
ing  equations: 

Milliliters  x  N  TPA 

Weight  of  sample  x  1000  =  m°'eS  °f  HCI  per  gram  of  sample 
Moles  of  HCI  per  gram  of  sample  x  100  x  36.5  =  %  HCI 

PROCEDURE  B 

Weigh  a  sample  containing  approximately  0.01  mole  of  acid  chloride 
plus  free  carboxylic  acid  in  a  glass-stoppered  weighing  bottle  or  in  a 
sealed  ampoule.  Sealed  ampoules  should  be  used  for  all  volatile  acid 
chlorides.  Place  the  weighed  sample  in  a  250-ml  glass-stoppered  flask 
containing  5  ml  of  m-chloroaniline  and  25  ml  of  acetone.  If  the  sample  is 
weighed  in  a  weighing  bottle,  remove  the  stopper  just  before  placing  the 
sample  in  the  flask  and  slide  the  weighing  bottle  down  the  side  of  the 
flask,  so  that  the  sample  and  reagent  do  not  mix.  Seal  the  flask  with 
stopcock  grease  and  shake  to  mix  the  sample  and  reagent.  Cool  the 
contents  of  the  flask  slightly  below  room  temperature  in  running  tap 
water  or  in  ice,  and  allow  the  flask  to  stand  5  minutes  to  ensure  complete 
reaction. 

After  the  reaction  is  complete,  remove  the  stopper  and  add  5  ml  of 
distilled  water.  Replace  the  stopper  and  shake  the  flask  to  dissolve  the 
amine  hydrochloride  formed  in  the  reaction.  Then  wash  the  contents  of 
the  flask  into  a  beaker  with  acetone.  Using  a  pH  meter  equipped  with  a 
glass-calomel  electrode  system,  add  standard  0.5 N  sodium  hydroxide 
from  a  buret  until  the  pH  of  the  solution  is  approximately  4.  Read  the 
volume  of  0.5N  sodium  hydroxide,  then  titrate  the  solution  potentiomet- 
rically  with  standard  0.1N  sodium  hydroxide. 


Fig.  3.22.  Titration  of  hydrochloric  acid  with  tripropylamine. 
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The  first  break,  which  occurs  between  pH  5  and  6,  represents  the 
neutralization  of  the  amine  hydrochloride  formed  by  the  reaction  of  the 
m-chloroaniline  with  the  acid  chloride  and  free  hydrogen  chloride.  The 
equivalents  of  0.1N  sodium  hydroxide  plus  the  equivalents  of  0.5 N 
sodium  hydroxide  added,  equal  the  equivalents  of  acid  chloride  plus 
hydrogen  chloride  in  the  sample.  The  second  break  occurs  between  pH  8 
and  9.5  and  represents  the  titration  of  the  free  carboxylic  acid  (Fig.  3.21). 

Two  concentrations  of  standard  sodium  hydroxide  are  used.  A  rather 
large  sample  is  required  to  obtain  a  sufficiently  large  titration  for  the  free 
carboxylic  acid,  which  is  usually  present  in  relatively  small  quantities.  The 
total  titration  would  be  large  if  0.1N  hydroxide  were  used,  and  the 
titration  for  free  carboxylic  acid  would  be  small  if  0.5 N  hydroxide  were 
used  in  the  total  titration.  In  this  procedure,  the  bulk  of  the  acidity  is 
neutralized  with  0.5 N  reagent,  and  the  0.1N  hydroxide  is  used  to  carry 
the  titration  through  the  two  neutral  points.  The  percentage  of  acid 
chloride  is  calculated  as  follows  from  the  first  break: 

(Milliliters  of  0.5 N  NaOH  x  N)  +  (milliliters  of  0. 1 N  NaOH  x  N) 

Weight  of  sample  x  1000 

=  moles  of  acid  chloride +  HC1  per  gram  of  sample 
(Moles  of  acid  chloride +  HC1  per  gram)  -  (moles  of  HC1  per  gram) 

=  moles  of  acid  chloride  per  gram 

Moles  of  acid  chloride  per  gram  x  100 

x  mol.  wt.  of  acid  chloride  =  %  acid  chloride 

The  percentage  of  free  carboxylic  acid  is  calculated  using  the  following 
equation: 

(Milliliters  to  second  break  minus  milliliters  to  first  break) 

_ x  N  of  NaOH  x  mol,  wt.  of  acid  x  100 

Weight  of  sample  x  1000 

=  °/°  free  carboxylic  acid 


DISCUSSION  AND  RESULTS 

wasdisetmeedtSAWfre  HSe.d,r  °btard>  eXCept  the  m-chloroaniline,  which 
was  distilled.  After  distillation  the  m-chloroaniline  can  be  used  for  2 

mo^bs  or  m°re  without  redistillation.  The  acetone  employed  contained 

•hou,  0.2%  water,  b„,  acid  chloride,  react  rapidly  "enough  with  "ta 


Table  23.  Analysis  of  Synthetic  Mixtures  of  Acid  Chlorides  and  Carboxylic  Acid 


Svnthetic  Mixture 

Added,  % 

Found,  % 

Acid 

Chloride 

Carboxylic 

Acid 

Acid 

Chloride 

Carboxylic 

Acid 

Benzoyl  chloride 

99.2 

0.8 

98.6 

0.8 

Benzoic  acid 

97.5 

2.5 

97.5 

2.7 

96.6 

3.4 

96.4 

3.5 

96.5 

3.5 

96.2 

3.7 

93.7 

6.3 

93.3 

6.4 

92.5 

7.5 

92.2 

7.5 

92.0 

8.0 

91.4 

7.8 

90.6 

9.4 

90.6 

9.5 

Lauroyl  chloride 

97.3 

2.7 

97.5 

2.6 

Laurie  acid 

94.4 

5.6 

94.2 

5.2 

93.0 

7.0 

93.0 

6.9 

90.1 

9.9 

90.0 

9.7 

Acetyl  chloride 

98.7 

1.3 

98.3 

1.4 

Acetic  acid 

97.0 

3.0 

96.0 

3.2 

95.0 

5.0 

94.7 

5.2 

90.6 

9.4 

90.5 

9.4 

Palmitoyl  chloride 

98.7 

1.3 

98.1 

1.5 

Palmitic  acid 

96.7 

3.3 

96.7 

3.2 

93.5 

6.5 

93.0 

6.8 

91.8 

8.2 

91.9 

8.4 

Fatty  acid  chloride 

96.9 

3.1 

97.0 

3.1 

(av.  mol.  wt.  =  293.5) 

95.1 

4.9 

95.2 

4.7 

Stearic  acid 

92.8 

7.2 

92.9 

6.9 

Propionyl  chloride 
Propionic  acid 

97.1 

95.1 

91.9 

2.9 

4.9 

8.1 

97.2 

94.5 

91.8 

3.2 

5.0 

8.2 

Benzoyl  bromide 

Benzoic  acid 

98.1 

97.0 

94.6 

1.9 

3.0 

5.4 

98.0 

96.8 

94.4 

2.0 

3.2 

5.2 

89.6 

10.4 

89.3 

10.5 
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m-chloroaniline  to  prevent  the  occurrence  of  any  hydrolysis.  Acetone 
dried  over  Drierite  gave  the  same  results  as  undried  acetone. 

Synthetic  mixtures  of  acid  chlorides  and  the  corresponding  acids  were 
prepared  and  analyzed  by  Procedure  B  (Table  23)  and  synthetic  mixtures 
of  acid  chlorides  and  hydrogen  chloride  were  analyzed  by  Procedure  A 
(Table  24)  to  test  the  method.  The  acid  chlorides  used  in  these  mixtures 
were  distilled  from  the  best  available  samples  to  obtain  acid  chlorides  free 

Table  24.  Determination  of  Hydrogen  Chloride  in  Presence  of  Acid  Chlorides 

Hydrogen  Chloride,  % 

Acid  Chloride  - 

Added  Found 


Acetyl  chloride 

2.02 

2.07 

3.85 

3.93 

6.14 

6.30 

16.50 

17.08 

Propionyl  chloride 

1.95 

1.94 

3.49 

3.65 

6.72 

6.19 

14.72 

14.47 

Lauroyl  chloride 

0.72 

0.70 

1.67 

1.65 

3.08 

3.24 

4.00 

4.21 

Palmitoyl  chloride 

1.24 

1.37 

2.35 

2.47 

3.45 

3.60 

7.88 

8.49 

Benzoyl  chloride 

1.42 

1.57 

2.64 

2.75 

5.10 

5.17 

10.53 

10.64 

Naphthoyl  chloride 

1.14 

1.21 

2.10 

2.14 

Fatty  acid  chloride 

0.11 

0.13 

(av.  mol.  wt.  =  293.5) 

0.81 

0.80 

1.87 

1.83 
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of  hydrogen  chloride  and  carboxylic  acid.  Because  of  the  difficulty  of 
adding  known  amounts  of  dry  hydrogen  chloride  directly  to  acid  chlorides 
to  obtain  synthetics  of  known  composition,  the  hydrogen  chloride-acid 
chloride  synthetics  were  prepared  by  adding  aliquots  of  an  ether  solution 
of  hydrogen  chloride  of  known  composition  to  weighed  samples  of  acid 
chlorides. 

Results  obtained  for  succinyl  chloride  and  naphthoyl  chloride  are  given 
in  Table  25.  No  synthetic  mixtures  were  prepared  for  these  compounds 
because  for  succinyl  chloride,  the  second  chloride  group  reacts  incom¬ 
pletely  and  the  free  carboxylic  acid  values  obtained  cannot  be  used.  The 
unreacted  acid  chloride  group  forms  carboxylic  acid  when  water  is  added, 
and  high  results  are  obtained  for  free  carboxylic  acid.  For  naphthoyl 
chloride,  Stahl  and  Siggia  were  unable  to  obtain  a  pure  sample  from 
which  to  prepare  synthetic  mixtures. 

The  analysis  of  three  acid  bromide  samples  was  attempted,  but  good 
results  were  obtained  only  for  benzoyl  bromide.  In  the  analysis  of  benzoyl 
bromide  25  ml  of  ether  was  used  in  Procedure  B  instead  of  25  ml  of 
acetone.  Low  results  for  acid  bromide  were  obtained  when  acetone  was 
used.  Results  obtained  for  acetyl  and  valeryl  bromides  varied  greatly. 


Carboxylic  Acid  Anhydrides 

Carboxylic  anhydrides  are  very  reactive  materials,  but  their  reactions 
are  also  common  to  free  carboxylic  acids.  Since  many  anhydrides  contain 
free  carboxylic  acids,  a  reaction  must  be  used  that  is  very  rapid  for  the 


Table  25.  Analysis  of  Succinyl  and  Naphthoyl  Chlorides 


Acid  Chloride 

Hydrogen 
Chloride,  % 

Acid 

Chloride,  °/t 

Carboxyli 
)  Acid,  % 

Succinyl  chloride 

0.0 

99.4 

99.4 

— 

99.1 

— 

99.1 

— 

99.2 

— 

99.2 

— 

98.9 

— 

Naphthoyl  chloride 

0.0 

93.6 

93.7 

6.3 

6.3 

93.6 

6.3 
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anhydrides  and  very  slow  for  the  acid.  Such  a  reaction  is  amide  formation 
using  morpholine  or  aniline  as  the  amine  reagents. 

Morpholine  is  preferred  to  aniline  as  the  amine  reagent,  since  it  is  a 
stronger  base  and  will  yield  sharp  indicator  end  points,  whereas  the 
aniline  method  shown  below  can  only  be  used  with  a  potentiometric 
determination  of  the  excess  aniline.  The  aniline  method,  however,  will 
determine  the  anhydrides  of  strong  acids  such  as  maleic,  whereas  the 
morpholine  method  will  not. 


Morpholine  Method 

[Adapted  from  J.  B.  Johnson  and  G.  L.  Funk,  Anal.  Chem.,  27,  1464-5  (7955)] 


Earlier  methods  for  the  determination  of  carboxylic  acid  anhydrides 
were  based  on  the  simultaneous  measurement  of  the  acid  and  the 
anhydride.  Either  the  aniline  reaction  of  Radcliffe  and  Medofski  (48)  or 
the  sodium  methylate  titration  of  Smith  and  Bryant  (49)  was  used  in 
conjunction  with  a  total  hydrolysis  with  sodium  hydroxide  to  arrive  at  the 
anhydride  and  acid  content  of  a  sample. 

Two  direct  methods  for  the  determination  of  anhydrides,  which  do  not 
involve  the  measurement  of  the  acid  originally  present  in  the  sample, 
have  been  reported.  Smith,  Bryant,  and  Mitchell  developed  a  procedure 
employing  the  Karl  Fischer  reagent  (50,  51).  The  method  described  here 
also  measures  the  anhydride  independent  of  the  acid  content  of  the 
sample.  It  possesses  the  speed  and  convenience  of  an  indicator  titration 

and  excellent  precision  for  both  high  and  low  concentrations  of  anhvd- 
ride. 
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r - -  tai uuAy iic  aciu  annyariaes  to  produce  equimo- 

3r  rr'r  °f  amide  and  acid'  ln  a  methanolic  medium  using  mixed 
methyl  yellow-methylene  blue  indicator,  all  the  components  of  the  reac- 

48  Vr  peHUtr«  morf,holine-  If  a  measured  excess  of  morpholine 

4Q  n  u  C  U  "  Medofski-  J-  Soc-  Chem.  Ind.  (London),  36,  628  (19171 
'  !?'  ^mlth  and  W-  M  D  Bryant,  J.  Am.  Chem.  Soc.,  58,  2452  (1936) 

51*  D  M  Smith*  W  M  n  Rryam*  ^  J*  Mi,Che"’  Jr"  62’  608  <1940). 

■  D.  M.  Smith,  W.  M.  D.  Bryant,  and  J.  Mitchell,  Jr„  Ibid..  63,  1700  (1941) 
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reacts  with  a  sample  containing  anhydride,  the  anhydride  reacts  preferen¬ 
tially  with  morpholine,  and  the  excess  can  be  titrated  with  standard 
methanolic  hydrochloric  acid.  The  morpholine  consumed,  represented  by 
the  difference  in  titration  between  a  blank  and  sample,  is  a  measure  of 
anhydride.  The  free  acid  in  a  sample  can  be  obtained  by  determination  of 
the  total  acidity  using  soldium  hydroxide  and  then  subtracting  the  anhy¬ 
dride  value. 

REAGENTS 

hydrochloric  acid,  0.5 N  methanolic  solution.  Transfer  84  ml  of  6 N  hy¬ 
drochloric  acid  to  a  1000-ml  volumetric  flask  and  dilute  to  volume  with  methanol. 
Standardize  daily  against  standard  0.5 N  sodium  hydroxide  using  phenolphthalein 
indicator.  The  reagent  is  best  handled  in  an  automatic  buret  assembly. 
morpholine  solution,  0.5 N  methanolic  solution.  Transfer  44  ml  of  redis¬ 
tilled  morpholine  to  a  1-liter  reagent  bottle  and  dilute  to  1  liter  with  methanol.  Fit 
the  bottle  with  a  two-hole  rubber  stopper  and  through  one  hole  insert  a  50-ml 
pipet  so  that  the  tip  extends  below  the  surface  of  the  liquid;  through  the  other 
hole  insert  a  short  piece  of  glass  tubing  to  which  is  attached  a  rubber  atomizer 
bulb. 

METHYL  YELLOW-METHYLENE  BLUE  MIXED  INDICATOR.  Dissolve  1.0  gram  of 

methyl  yellow  (p-dimethylaminoazobenzene)  and  0.1  gram  of  methylene  blue  in 
125  ml  of  methanol. 

PROCEDURE 

Carefully  pipet  50  ml  of  the  morpholine  solution  into  each  of  two 
250-ml  glass-stoppered  flasks.  Fill  the  pipet  by  exerting  pressure  in  the 

reagent  bottle  with  the  atomizer  bulb. 

Reserve  one  of  the  flasks  as  a  blank  and  introduce  not  more  than  20 
meq.  of  anhydride  into  the  second  flask.  Swirl  the  flask  to  effect  solution. 
Allow  both  the  sample  and  blank  to  stand  at  room  temperature  for  the 
time  indicated  for  each  specific  anhydride  (Table  26). 

Add  4  or  5  drops  of  indicator  to  each  flask  and  titrate  with  the  0.5 N 
acid  to  the  disappearance  of  the  green  color.  At  this  point  the  color  is 

best  described  as  amber. 

The  difference  in  titration  between  blank  and  sample  is  a  measure  ot 
anhydride. 


RESULTS 

The  data  obtained  on  eight  anhydrides  are  shown  in  Table  26.  All 
samples  used  were  commercial  grade  materials  containing  some  of  the 
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Table  26.  Purity  of  Anhydrides  by  Morpholine  Method 


Minimum 
Reaction 
Time  at  Room 


Anhydride 

Temperature, 

Minutes 

Purity,  wt.  %b 

Acid  Content, 
wt.  %c 

Total,  wt.  % 

Acetic 

5 

99.7  ±  0.1  (5) 

0.2  (2) 

99.9 

Butyric 

5 

98.0  ±  0.2(4) 

1.9  (2) 

99.9 

Chrysanthemum 

5 

98.6  ±  0.1  (2) 

0.5  (2) 

99.1 

2-Ethylhexanoic 

30 

98.9  ±  0.2(6) 

0.1  (2) 

99.0 

Glutaric 

5 

97.1  ±0.1(3) 

3.4  (2) 

100.5 

Phthalic 

5 

99.6  ±  0.1  (3) 

0.3  (2) 

-99.9 

Propionic 

5 

99.5  ±  0.1  (3) 

0.5  (2) 

100.0 

Succinic 

5 

96.9  ±  0.1  (5) 

2.4  (2) 

99.3 

u  0.5 N  reagents. 

b  Figures  in  parentheses  indicate  number  of  analyses. 

1  Calculated  from  difference  between  Radcliffe-Medofski  (48)  and  morpholine 
reactions. 


corresponding  acid  and,  in  some  cases,  small  but  significant  amounts  of 
other  impurities.  To  show  the  recoveries  to  be  expected  from  the  mor¬ 
pholine  procedure,  the  amount  of  acid  in  each  sample  is  also  shown.  This 
was  determined  by  measuring  the  acid  after  reaction  with  aniline  accord¬ 
ing  to  the  procedure  of  Radcliffe  and  Medofski  (48)  and  correcting  for  the 
anhydride  present  in  the  sample. 

Table  27  shows  the  accuracy  and  precision  obtained  in  the  determina¬ 
tion  of  low  concentrations  of  acetic  anhydride  in  acetic  acid. 


Table  27.  Determination  of  Acetic  Anhydride  in  Glacial 
Acetic  Acid  by  the  Morpholine  Method 


Sample  1 

Anhydride  added 
Anhydride  found 
Sample  2 
Anhydride  added 
Anhydride  found 


wt.  %a 


0.065 

0.066  ±  0.002  (5) 

0.011 

0.016  ±  0.007(4) 


“  Flgures  in  parentheses  indicate  number  of 
analyses. 
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DISCUSSION 

reaction  rates.  Rate  studies  of  the  reaction  of  acetic  anhydride  with 
0.02,  0.1,  and  0.5 N  morpholine  indicate  that  the  reaction  is  practically 
instantaneous,  being  quantitative  in  less  than  30  seconds.  With  the 
exception  of  2-ethylhexanoic  anhydride,  which  requires  a  30-minute  reac¬ 
tion,  all  the  anhydrides  in  this  work  react  quantitatively  within  5  minutes 
at  room  temperature,  and  in  most  cases  the  reaction  is  complete  in  less 
than  1  minute. 

potentiometric  titration.  Potentiometric  titration  studies  showed  that 
the  indicator  end  point  occurs  on  the  steep  break  of  the  curve.  The  true 
equivalence  point  does  not  exactly  coincide  with  the  indicator  end  point 
described,  but  the  error  is  not  significant,  particularly  in  view  of  the  fact 
that  the  blank  titration  is  in  error  to  nearly  the  same  degree.  A  number  of 
indicators  have  been  tried,  but  none  has  been  found  superior  to  a  methyl 
yellow-methylene  blue  mixture. 

The  method  is  not  applicable  to  anhydrides  if  the  acids  have  ionization 
constants  in  water  greater  than  2xlCT2,  since  such  acids  are  somewhat 
acidic  to  the  indicator  in  a  methanol  medium.  Thus  maleic  and  citraconic 
anhydrides  cannot  be  substituted  satisfactorily  in  these  cases. 
effect  of  solvents.  Siggia  and  Hanna  (52)  (see  pp.  236-9)  were  unable 
to  obtain  satisfactory  indicator  end  points  in  acetic  acid  medium  when 
aniline  was  used  as  the  reactant.  As  a  result  they  resorted  to  potentiomet¬ 
ric  titrations  in  an  ethylene  glycol-2-propanol,  medium.  The  poor  end 
points  in  the  acetic  acid  medium  were  undoubtedly  due  to  the  enhanced 
basicity  of  the  resulting  amide.  Amides  are  appreciably  more  basic  in 
acetic  acid  than  in  methanol  solution. 

reaction  with  other  amines.  Morpholine  has  been  selected  for  use  in 
the  method  because  of  its  high  reactivity  with  anhydrides  and  because  it  is 
a  secondary  amine  that  should  be  subject  to  less  interferences  than 
compounds  having  primary  amino  groups.  Obviously,  in  certain  cases 
other  amines,  primary  or  secondary,  could  be  substituted  for  morpholine 

as  the  reagent. 

low  concentrations.  For  the  determination  ol  low  concentrations  of 
anhydride,  it  is  convenient  to  use  0.1N  reagents.  For  the  determination  of 
acetic  anhydride  in  glacial  acetic  acid,  a  10-ml  sample  was  made  to  react 
with  50  ml  of  0.02N  morpholine.  Excess  morpholine  was  titrated  with 
0.1N  methanolic  hydrochloric  acid.  Samples  in  excess  of  10  ml  are  not 
recommended,  inasmuch  as  the  resultant  amides  tend  to  buffer  the  end 
points  if  more  than  this  amount  of  acid  is  present. 

interferences.  The  only  known  interferences  are  compounds  that  can 
52.  S.  Siggia  and  J.  G.  Hanna,  Anal.  Chem.,  23,  1717  (1951). 
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■  react  with  morpholine  to  destroy  its  basic  behavior.  These  compounds 
include  ketene  and  diketene,  which  react  quantitatively  under  certain 
conditions,  and  acid  chlorides,  which  can  react  quantitatively  only  in  a 
dilute  solution,  because  they  react  with  both  morpholine  and  methanol.  If 
a  dilute  solution  of  an  acid  chloride  is  added  slowly  to  the  reagent  while 
the  latter  is  being  swirled,  the  morpholine  reacts  preferentially  with  the 
acid  chloride.  Under  these  conditions  the  equivalent  weight  of  the  acid 
chloride  is  one-half  the  molecular  weight  as  a  mole  of  amide  and  a  mole 
of  mineral  acid  are  formed.  Mineral  acids,  of  course,  interfere.  In  certain 
cases  the  interference  is  quantitative  and  appropriate  corrections  may  be 
applied. 


New  Indicator  for  the  Determination  of  Organic  Acid  Anhydrides  by  the 
Morpholine  Method 

Adapted  from  the  Study  of  J.  E.  Ruch  [Anal.  Chem.,  47,  2057  (1975)] 

Dimethyl  yellow  (methyl  yellow,  4-dimethylaminoazobenzene)  has 
been  termed  a  carcinogen  by  the  federal  Occupational  Safety  and  Health 
Administration  and  is  so  described  in  the  United  States  Government 
Occupational  Safety  and  Health  Standards  (53). 

As  a  replacement,  4,4'-bis(4-amino-l-naphthylazo)-2,2'-stilbenedi- 
sulfonic  acid  was  found  to  be  superior  to  dimethyl  yellow  in  both  visual 
testing  and  in  matching  the  equivalence  point  of  both  blank  and  sample. 
In  methanol  medium  the  color  transition  is  both  vivid  and  sharp. 


PREPARATION  OF  INDICATOR 


The  indicator  solution  was  prepared  by  weighing  0.050  gram  of 
4,4'-bis(4-amino- 1  -naphthylazo)-2,2'-stilbenedisulfonic  acid,  (bis-4-azo), 
Eastman  No.  7089,  and  0.010  gram  of  brilliant  yellow,  Eastman  No.  837, 

7°  3  i  u>UnCe  V'3^  ml  of  0.1  N  sodium  hydroxide  was  added  to 

the  vial  by  pipet,  and  the  mixture  was  stirred  well  with  a  small  stirring 
rod.  Distilled  water,  3.5  ml,  was  added  and  the  contents  stirred  again  The 
object  was  to  break  up  all  small  particles  to  facilitate  solution  in  the  dilute 
,  turn  hydroxide  solution.  The  mixture  was  transferred  to  a  storage 

rtH  h  3  k  u  Vml  WaS  nnSed  With  45  ml  of  methanol.  The  rinsings  were 
mixing.'0  ‘Ie’  thC  b0Ule  W3S  C3pped  and  Shaken  to  effect  thorough 

53.  Fed.  Reg..  Jan.  29,  3756-97  (1974). 
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PROCEDURE 

Use  7  to  8  drops  of  the  bis-4-azo— brilliant  yellow  indicator  in  place  of 
dimethyl  yellow-methylene  blue  in  the  morpholine  method  for  anhy¬ 
drides.  The  sharpest  indicator  color  transition  is  from  reddish-orange  to 
purple.  Very  slight  overtitration  (0.01-0.02  ml)  produces  a  pure  blue. 

RESULTS 

Table  28  compares  and  summarizes  data  obtained  from  visual  titrations 
of  four  anhydrides  using  bis-4-azo  and  dimethyl  yellow.  Excellent  agree¬ 
ments  (0.03-ml  deviation)  were  obtained  between  the  color  transitions 
and  the  potentiometric  end  points. 

Table  28.  Comparison  of  the  Two  Indicator  Results 

Bis-4- Azo-Brilliant  Dimethyl  Yellow-Methylene 

Yellow,  Blue, 


Anhydride  Anhydride  Acid 


Acetic 

98.27 

1.54 

98.17 

1.54 

Phthalic 

95.44 

4.45 

95.47 

4.45 

Sucninic 

90.77 

9.42 

90.44 

9.42 

Itaconic 

97.31 

2.34 

97.17 

2.34 

97.20 

2.34 

97.21 

2.34 

Total 

Anhydride 

Acid 

Total 

99.71 

98.53 

1.31 

99.84 

99.61 

98.28 

1.31 

99.59 

99.99 

95.21 

4.65 

99.86 

100.02 

95.34 

4.65 

99.99 

100.19 

90.35 

9.66 

100.01 

99.86 

90.44 

9.66 

100.10 

99.65 

97.85 

1.70 

99.55 

99.51 

97.80 

1.70 

99.50 

99.54 

97.99 

1.70 

99.69 

99.55 

97.46 

1.70 

99.16 

Aniline  Method 


[ Adapted  from  S.  Siggia  and  J.  G.  Hanna,  Anal.  Chem.,  23,  1717  (1951)] 
Malm  and  Nadeau  (54)  employed  aniline  successfully  to  determine 
acetic  anhydride  in  acetylating  mixtures  for  cellulose.  This  reaction  can 
also  be  applied  to  determining  other  carboxylic  anhydrides  in  the  pres¬ 
ence  of  their  acids.  This  approach  also  circumvents  the  difficulties  exhi¬ 
bited  by  the  hydrolytic  and  titration  procedures  for  determining  anhyd- 


rides  (55-57). 

54.  C.  J.  Malm  and  G.  F.  Nadeau,  U.S.  Patent  2,063,324  (Dec.  8  19  6). 

55.  D.  M.  Smith  and  W.  M.  D.  Bryant,  J.  Am.  Chem.  Soc  s8.  2452  4  (1936). 

56.  D.  M.  Smith,  W.  M.  D.  Bryant,  and  J.  Mitchell,  Jr.,  J.  Am.  Chem.  Soc.,  62,  60 

57.  dT  Smith,  W.  M.  D.  Bryant,  and  J.  Mitchell.  Jr„  J.  Am.  Chem.  Soc.,  63,  1700-1 


(1941). 
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Aniline  reacts  with  carboxylic  acid  anhydrides  according  to  the  follow¬ 
ing  equation: 

O 


RC 


/ 


O 


O  -b  <t> NH2  ->  RCNH</>  +  RC 


O 


RC 


OH 


\ 


O 


The  carboxylic  acids  produced  in  the  reaction  or  the  free  carboxylic  acids 
present  in  the  original  sample  are  weak  acids;  their  bond  with  the  aniline 
is  so  weak  that  the  aniline  can  be  titrated  away  from  the  carboxylic  acids 
by  the  strong  acid  used  to  titrate  the  excess  aniline.  In  this  way  the  aniline 
consumed  in  the  reaction  is  a  measure  of  the  anhydride,  and  the  free 
carboxylic  acid  present  in  the  samples  does  not  offer  any  interference. 

Succinic  acid  was  found  to  be  an  exception  and  does  interfere  in 
determining  succinic  anhydride.  This  interference,  however,  was  not  a 
result  of  the  neutralization  of  the  aniline  by  the  acid,  but  in  this  case  the 
reaction  conditions  to  react  the  anhydride  completely  had  to  be  so 
vigorous  that  the  succinic  acid  liberated  by  that  reaction  as  well  as  the 
free  succinic  acid  present  also  reacted  with  the  aniline  to  form  the  amide. 
The  reaction  between  the  acid  and  the  aniline  is  not  very  fast,  but  the 
error  introduced  is  significant.  When  running  pure  succinic  anhydride,  the 
results  were  about  5%  high;  also,  when  pure  succinic  acid  was  treated 
with  aniline  under  the  same  conditions  as  the  anhydride,  there  was  a  very 
significant  consumption  of  aniline. 


Along  the  same  lines,  Table  29  indicates  that  maleic  and  phthalic  acids 
would  have  been  interferences,  had  it  not  been  that  the  anhydrides  react 
completely  under  relatively  mild  conditions. 

Ethylene  glycol-isopropanol  (58)  was  used  as  solvent  medium  to  accen¬ 
tuate  the  end  point  in  the  titration  of  the  excess  aniline.  Titration  in 
glacial. acetic  acid  was  tried,  but  difficulty  with  end  points  was  noticed  in 

ann lieTfoTl3  V  id  SySt6mS'  The  glycol-isopropanol  could  be 
applied  to  all  the  systems  studied. 


reagents 

Ethylene  glycol-isopropyl  alcohol  mixture  1  •  1 

standard  0.2N  hydrochloric  acid  in  ethylene  glycol-isopropyl  alcohol  mixture 
58.  S.  Palit,  Ind.  Eng.  Chem.  ( Anal.  Ed.),  18,  246-51  (1946). 


Table  29 


Aniline 

Acid-Anhydride  Mix  Recovered 


after 

Reaction 

Reaction 

°/ 

/o 

°/ 

/  O 

Reaction 

Time, 

Tempera- 

°/ 

/o 

Anhydride  Anhydride 

with 

Anhydride 

Minutes 

ture 

Found 

Added 

Found 

Acid  Alone 

Acetic 

5 

Room 

100.2 

77.8 

77.5 

99.2 

5 

Room 

99.9 

5 

Room 

99.8 

5 

Room 

100.1 

5 

Room 

99.7 

Propionic 

5 

Room 

100.1 

60.9 

60.6 

99.3 

5 

Room 

99.5 

5 

Room 

99.6 

Maleic 

15 

Room 

99.4 

91.0 

90.7 

99.7 

15 

Room 

99.4 

15 

Room 

99.4 

15 

Room 

99.6 

15 

100° 

110.4 

90 

Room 

100.3 

Phthalic 

15 

o 

o 

o 

100.5 

50.8 

50.3 

100.0 

15 

100° 

99.8 

15 

© 

o 

o 

99.5 

30 

100° 

102.0 

30 

100° 

101.2 

Camphoric 

5 

45 

o  o 

o  o 
o  o 

21.6 

100.0 

87.5 

88.0 

99.3 

45 

loo3 

100.1 

45 

100 

100.3 

Butyric 

5 

Room 

99.8 

87.2 

86.5 

98.8 

5 

Room 

100.1 

Note  A11  samples  were  distilled  or  recrystallized  until  their  carbon  and  hydro 
gen  analyses  were  within  ±0.2%  of  the  theoretical. 
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19  ml  of  concentrated  hydrochloric  acid  diluted  to  1  liter  with  1:1  ethylene 
glycol-isopropyl  alcohol. 

CP  Aniline. 


PROCEDURE 

Weigh  accurately  a  sample  containing  approximately  0.004  mole  of 
acid  anhydride  in  a  20  x  150  mm  test  tube.  If  the  sample  contains  an  acid 
anhydride  that  requires  heat  for  complete  reaction,  weigh  it  in  a  50  ml 
condenser  flask.  Add  aniline  to  the  sample,  drop  by  drop,  until  0.9  gram 
has  been  added.  Accurately  weigh  the  amount  of  aniline  used.  Allow  the 
sample  to  stand  in  the  test  tube  5  minutes.  Attach  the  condenser  flask  to  a 
condenser  in  a  reflux  position  and  immerse  it  in  a  beaker  of  boiling  water 
for  the  required  length  of  time.  Transfer  the  reaction  mixture  quantita¬ 
tively  from  the  test  tube  or  the  condenser  flask  to  a  150-ml  beaker  with 
1 : 1  ethylene  glycol-isopropyl  alcohol  mixture.  Add  ethylene  glycol- 
isopropyl  alcohol  mix  until  the  volume  is  approximately  50  ml.  Use  a  pH 
meter  to  indicate  the  apparent  pH  after  each  addition  of  acid  as  the 
sample  is  titrated  with  0.2 N  hydrochloric  acid  prepared  in  the  ethylene 
glycol-isopropyl  alcohol  mixture.  Determine  the  neutralization  point  by 
plotting  the  apparent  pH  against  milliliters  of  acid.  Run  a  blank  on  the 
aniline  by  titrating  an  accurately  weighted  amount,  approximately  0.4  gram 
potentiometrically,  with  0.2N  hydrochloric  acid  in  the  ethylene  glycol- 
isopropyl  alcohol  mixture. 


CALCULATIONS 

(x  —  a)x  NUC1  x  mol.  wt.  of  acid  anhydride 

1 000  x  Weight  of  sample  X  100  =  %  acid  anhydride 


where 


a  milliliters  of  acid  used  to  titrate  excess  aniline 
*  =  milliliters  of  acid  needed  to  titrate  total  amount  of  aniline  used 


assayed  so'tlmt'This  valuers  a^orrecf^^The  T  Sh°U'd  be 

titration  as  described  in  the  foregoing  procedure  ^  C  aSSayed  by 
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Titration  of  Anhydrides  with  Tetrabutylammonium  Hydroxide 


Adapted  from  the  Method  of  C.  A.  Lucchesi,  L.  W.  Kao ,  G.  A.  Young,  and  H. 

M.  Chang  [Anal.  Chem.,  46 ,  1331  ( 1974 )] 

This  method  involves  a  room-temperature  indicator  titration  of  a 
sample  in  pyridine  with  tetrabutylammonium  hydroxide  (TBAH)  in 
benzene-methanol  as  the  titrant.  Under  these  conditions  the  anhydrides 
tested  behave  as  monobasic  acids. 


REAGENTS 

The  pyridine  (Eastman)  and  benzene  (Fisher  Spectranalyzed  grade)  were  dried 
over  15%  by  weight  of  Linde  molecular  sieves  4A  before  use. 

The  0.1N  TBAH  titrant  was  prepared  as  described  on  page  48. 

Thymol  blue  indicator  was  used  as  a  0.3%  (w/v)  solution  in  absolute  methanol. 
Azo  violet  indicator  was  a  saturated  solution  of  p-nitrobenzeneazoresorcinol 
(Fisher)  in  dry  benzene. 


APPARATUS 

The  titrations  were  carried  out  with  a  10-ml  microburet  fitted  with  Drierite  on 
top  and  a  one-hole  rubber  stopper  attached  to  the  tip.  The  titration  vessel  was 
either  a  125-  or  250-ml  iodine  flask.  Indicator  solutions  were  added  with  a  1-ml 

tuberculin  syringe. 


PROCEDURE 

standardizations.  The  TBAH  solution  is  standardized  against  MBS 
benzoic  acid.  Weigh  from  0.05  to  0.1  gram  of  benzoic  acid  into  a  dry 
iodine  flask.  Add  about  20  ml  of  pyridine,  displace  the  air  with  dry 
nitrogen,  and  cover  the  flask  with  a  glass  stopper.  When  the  acid  has 
completely  dissolved,  add  about  0.2  ml  of  thymol  blue  indicator  with  the 
syringe.  Place  the  flask  under  the  rubber  stopper  at  the  buret  tip  ai 
immediately  titrate  the  solution  with  the  0.1N  TBAH  to  the  blue  end 
point  colorof  the  indicator.  Record  the  volume  of  titrant  and  correct  tor 
[he  volume  of  titrant  used  for  a  blank.  A  typical  blank  titration  for 

titration  °1'perform  the  TBAH  titrations  on  an  amount  of  sample  that 
wouW  "quire  from  0.5  to  0.9  meq.  of  titrant.  Do  the  determinations  m 
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the  same  way  as  the  standardization  above,  but  use  2  drops  of  azo  violet 
indicator  for  succinic  acid  and  for  succinic  acid-anhydride  samples.  All 
the  acids  tested  except  succinic  were  monoprotic  in  the  procedure; 
succinic  was  diprotic.  Each  anhydride  has  an  equivalent  weight  equal  to 
its  molecular  weight.  The  anhydride  content  of  the  acid-anhydride  mix¬ 
tures  may  be  calculated  with  the  following  equation: 

IB  l\/£x  M\  _ 
%Anhydride=(--1)(F^?)xlOO 

where  B  =  net  milliequivalents  of  TBAH 
W=  sample  weight  in  milligrams 
E  =  equivalent  weight  of  the  acid 
M  =  molecular  weight  of  the  anhydride 


RESULTS 

Table  30  gives  results  obtained  with  the  TBAH  titrations  for  a  number 
of  anhydride  samples  along  with  the  tripropylamine  titration  results  for 
the  acid  contents  of  the  same  samples.  The  precision  of  the  method  for  a 

Table  30.  Comparison  of  TBAH  and  Tripropylamine  Titra¬ 
tions  of  Anhydride  Samples 


Acid  Found  by 

Anhydride 

Found  by 

Tripropylamine 

Sample 

TBAH,  % 

Titration,  % 

Acetic 

98.0 

2.1 

97.7 

2.0 

Benzoic  I 

82.1 

18.1 

82.6 

17.9 

Benzoic  II 

94.0 

5.5 

94.2 

5.6 

Maleic 

98.5 

1.0" 

98.1 

i.r 

Phthalic 

95.7 

5.2 

5.0a 

96.0 

5.0 

5.r 

Succinic 

96.9 

4.8 

96.4 

4.9 

Method  of  Siggia  and  Floramo  (p.  244).  The  other 
acid  results  were  obtained  by  the  method  of 
ureenhow  and  Jones  (p.  249). 
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single  determination,  as  measured  by  the  standard  deviation  of  the  six 
sets  of  duplicates,  is  0.27%. 

Table  31  presents  the  recovery  data  for  the  five  acid-anhydride  systems 
studied.  Over  the  concentration  range,  the  average  anhydride  recovery 
was  99.7%. 


Table  31.  Recovery  Data  for  TBAH  Titrations  of  Acid- 

Anhydride  Mixtures 

Anhydride,  % 


r\uiu“niiu^ui  iuu 

Mixture 

Present 

Found 

Recovery 

Acetic 

A 

94.5 

94.9 

100.4 

B 

76.1 

75.9 

99.7 

C 

51.4 

53.4 

103.9 

D 

24.8 

25.9 

104.4 

E 

13.3 

13.7 

103.0 

Benzoic 

A 

84.7 

85.3 

100.7 

B 

55.0 

55.1 

100.2 

C 

9.2 

8.6 

93.5 

Maleic 

A 

89.4 

88.9 

99.4 

B 

61.7 

60.8 

98.5 

C 

14.7 

14.9 

101.4 

D 

94.7 

94.3 

99.6 

E 

88.8 

88.2 

99.3 

Phthalic 

A 

84.8 

84.0 

99.1 

B 

58.3 

58.8 

100.9 

C 

8.7 

8.2 

94.3 

D 

94.9 

94.5 

99.6 

E 

88.9 

88.2 

99.2 

Succinic 

A 

86.5 

87.4 

101.0 

B 

60.5 

61.7 

102.0 

C 

9.1 

8.5 

93.4 

DISCUSSION 

Titration  of  each  of  the  anhydrides  studied  showed  that  1  mole  of 
quaternary  base  is  consumed  per  mole  of  anhydride  in  reaching  the  end 

point  in  the  titration.  The  so-called  quaternary  hydroxide  is  known  to 

consist  of  equimolar  amounts  of  methoxide  and  hydroxide  (59),  and 
following  reaction  is  suggested: 

(RC0)20  +  (Bu4N)(OCH3)-  RCOOCH,  +  (Bu4N+)(RCOO  ) 

59.  M.  L.  Cluett,  Anal.  Chem .,  31,  610  (1959). 
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'  If  this  is  the  reaction,  then  as  the  methoxide  initially  present  is  consumed, 
more  is  produced  by  the  reaction  of  hydroxide  and  methanol  in  the 
titrant.  Another  possible  mechanism  that  gives  the  same  1 . 1 
stoichiometry  involves  the  reaction  of  methanol  in  the  titrants  to  give  the 
methyl  ester  and  the  carboxylic  acid  followed  by  neutralization  of  the 
carboxylic  acid  with  the  quaternary  base. 


Traces  of  Carboxylic  Acid  Anhydrides 

The  method  of  Goddu,  Leblanc,  and  Wright,  given  in  the  section  on 
carboxylic  esters  (pp.  172-183)  was  also  devised  for  determining  anhy¬ 
drides  and  anhydrides  in  the  presence  of  esters.  The  details  appear  on  the 
stated  pages. 


Determination  of  Free  Acids  in  Some  Anhydrides 


DIRECT  TITRATION  METHOD 

The  free  carboxylic  acid  in  some  anhydrides  such  as  maleic  or  phthalic 
(or  any  acid-anhydride  system  where  the  dissociation  constant  of  the  free 

acid  is  10  3  or  greater)  can  be  determined  by  direct  titration  with  a 
tertiary  amine. 

The  procedure  to  be  described  yields  a  method  of  titrating  the  free  acid 
in  maleic  and  phthalic  anhydrides  directly  without  interference  from  the 
anhydride.  Two  tertiary  amines  have  been  used  successfully  as  bases  to 
titrate  the  acids.  These  amines  are  tri-n-propyl  amine  and  N-ethyl 
piperidine.  Being  tertiary  amines,  these  do  not  react  with  the  anhydride. 
Also,  being  fairly  strong  bases  (dissociation  constant  approximately  10“4 
in  water),  they  achieve  a  neutralization  of  the  acid  that  can  be  followed 

^n‘‘“1CKa"y *|*e  solvents  used-  Dimethylformamide  can  also  be 
used,  but  the  breaks  obtained  in  the  titration  curves  are  not  as  strong  as 
obtained  in  ,h.  la, one  solvents.  This  n,  probably  £c,u”  ,h« 

•r«  “y,b,T,S, “  S"°n8  ba“S  in  ““  d“«Mfonnaniide  as  .he, 

The  tn-n  propyl  amine  and  N-ethyl  piperidine  are  the  strongest  ter 
■ary  bases  that  could  be  found,  and  the  ketone  solvents  were  the  bes't 
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and  phthalic.  (Dissociation  constants  for  the  first  hydrogens  are  10-2  and 
10  3,  respectively,  as  measured  in  water.  The  second  hydrogens  are  too 
weak  to  titrate;  therefore  only  one  break  will  be  seen  in  the  curves.) 
Acids  with  dissociation  constants  of  10-4  to  10-5  (in  water)  were  tried, 
but  none  of  these  were  titratable  in  these  solvents  with  the  tertiary  bases 
used.  The  procedure  is  then  limited  to  acids  of  a  strength  of  1CT3  or 
greater,  and  the  only  acids  that  might  interfere  in  the  analysis  are  acids  of 
these  strengths.  Acids  tried  were  acetic  (dissociation  constant  10~5), 
benzoic  (6x  10  6),  succinic  (7  x  10  5),  and  camphoric.  Malonic  acid  (10-3 
for  first  hydrogen)  is  titratable,  but  the  anhydride,  carbon  suboxide,  is  so 
rarely  used  that  there  is  little  need  for  this  procedure  for  malonic  acid. 


Adapted  from  Procedure  of  Siggia  and  Floramo 

[Anal.  Chem.,  25,  191  (1953)] 

REAGENTS 

Dry  acetone  or  methyl  ethyl  ketone  (CP  acetone  was  found  to  be  dry  enough 

for  use  in  this  procedure). 

0.1N  Tri-n-propyl  amine  (Sharpies)  in  acetone;  or 

0.1N  N-Ethyl  piperidine  (for  penicillin  G  determination,  sold  by  Eastman 
Kodak)  in  acetone. 

Standardize  both  solutions  against  pure  maleic  acid,  by  an  aqueous  sodium 
hydroxide  titration.  Remember  in  the  calculation  of  the  normality  ot  these 
solutions  that  only  one  carboxyl  group  is  being  titrated  by  the  amines.  The  second 
carboxyl  group  of  both  the  maleic  and  phthalic  acid  is  too  weak  to  show  a  break 

in  the  titration  curve. 


PROCEDURE 

Dissolve  enough  sample  in  CP  acetone  to  contain  approximately  0.002 
mole  of  acid  if  possible.  This  will  yield  approximately  a  20-ml  titration. 
For  samples  where  the  free  acid  content  is  very  low,  it  would  be 
impractical  to  take  samples  large  enough  to  yield  0.002  mole  of  acid  In 
these  cases,  take  smaller  samples  and  use  smaller  capacity  buret,  for  t 
Otration  For  the  samples  containing  0.1%  maleic  acid,  shown  in  Table 
32  take  a  10-gram  sample,  which  gives  approximately  a  1-ml  titration 

t  0 AN  reagents,  f,  is  -ell  «,  MMe 
reagents  are  titrating  only  one  carboxyl  group  of  the  acids. 


Carboxylic  Acids 


245 


System 


Table  32 

%  Acid  (Theoretical* *) 
(Remainder  of  Sample  %  Acid 
is  Anhydride)  Found 


Maleic  acid-maleic  anhydride 

100.0 

99.8 

(TPA) 

100.0 

99.5 

(TPA) 

100.0 

99.4 

(EP) 

100.0 

100.0 

(EP) 

71.43 

71.36 

(TPA) 

54.72 

54.74 

(TPA) 

37.67 

37.53 

(TPA) 

10.78 

10.81 

(TPA) 

1.19 

1.12 

(EP) 

0.12 

0.11 

(EP) 

Phthalic  acid-phthalic  anhydride 

100.0 

99.3 

(TPA) 

100.0 

99.9 

(TPA) 

100.0 

99.7 

(TPA) 

100.0 

99.3 

(EP) 

75.00 

74.75 

(TPA) 

10.08 

10.21 

(EP) 

1.11 

1.02 

(TPA) 

0.22 

0.21 

(EP) 

EP  indicates  that  ethyl  piperidine  reagent  was  used. 

TPA  indicates  that  tripropyl  amine  reagent  was  used. 

*  Acids  were  assayed  by  titration  with  sodium  hydroxide  and  tested  for  any 
anhydride  by  method  of  Siggia  and  Hanna  [Anal.  Chem.,  23,  1717  (1951)].  The 
anhydrides  were  recrystallized  from  benzene  in  which  the  acids  are  only  very 
sparingly  soluble,  whereas  the  anhydrides  are  very  soluble.  The  crystals  were 
dried  in  a  vacuum  desiccator,  and  a  blank  titration  was  run  by  the  preceding 

method  Both  anhydrides  assayed  about  0.03  %  free  acid,  which  was  accounted 
tor  in  the  theoretical  values  quoted. 


CALCULATION 


Milliliters  of  standard  amine  soln.  x  N  amine  x  mol,  wt.  of  acid 

Weight  of  sample  x  1000 

x  100  =  %  free  acid 

,Sa'L('ithiUT  Chl°ride).  enhancement  of  acidity  ,n  nonaqueous  solvents 

to 


has  been  used  to  extend  the  foregoing  method  of'siggirand  Floramo 
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acids  with  pka  values  as  high  as  5.5.  It  is  claimed  that  the  reaction, 

CH,CN 

H  A  +  LiCl  — — ->  Li  A  +  HC1 

is  displaced  to  the  right,  forming  weakly  dissociated  lithium  carboxylate 
and  hydrochloric  acid.  This  stronger  acid  can  be  titrated  with  the  tertiary 
amine. 

Adapted  from  the  Method  of  H.  W.  Wharton 

[Anal.  Chem.,  37,  730  (1965)] 

TITR  ANT 

Tri-n-propylamine  (Distillation  Products  Industries)  was  prepared  as 
0.05M  in  reagent  grade  acetone  and  standardized  against  reagent  grade 
succinic  acid  (Matheson  Coleman  and  Bell)  or  primary  standard  benzoic 
acid.  Standardizations  were  made  by  potentiometric  titration  in  acetoni- 
rile  made  0.035 M  (saturated)  in  lithium  chloride. 

solvent 

Acetonitrile  (Matheson,  Coleman,  and  Bell)  was  stored  over  anhydrous 
calcium  sulfate  to  thoroughly  dry  it;  then  it  was  passed  through  a  column 
of  fresh  anhydrous  calcium  sulfate  (1  liter  of  acetonitrile  per  100  grams  of 
calcium  sulfate)  saturated  with  dried  reagent  grade  lithium  chloride 
(Mallinekrodt  Chemical  Works).  Final  lithium  chloride  concentration  at 
saturation  was  0.034  to  0.035M 


samples 

All  samples  (0. 1-0.3  meq.)  were  dissolved  in  30  ml  of  lithium  chloride- 
acetonitrile  solvent  or  prepared  as  approximately  0.1  N  m  acetonitrile  or  a 
60/40  chloroform-acetone  solvent  for  pipetting  into  3C  m  o  1  ium 
chloride-acetonitrile  solvent. 


ELECTRODES 


A  el  iss-sleeve  type  saturated  calomel  electrode  system  was  used.  The 
ao^eous  potasIfuS  chloride  internal  electrolyte  in  the  calomel  electrode 
was  replaced  by  a  methanol  solution  of  sodium  chloride  (saturated). 
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*  RESULTS  AND  DISCUSSION 

Figure  3.23  plots  titration  curves  for  three  typical  monocarboxylic  acids 
titrated  with  tri-n-propylamine  in  the  presence  and  absence  of  lithium 
chloride. 

Table  33  gives  typical  recoveries  of  acids  alone  and  in  intentional 
mixtures  with  acid  anhydrides,  along  with  the  appropriate  anhydride 
analyses  as  determined  independently  by  the  method  of  Johnson  and 
Funk  (p.  232).  The  standard  deviations  are  ±0.30%  in  the  0  to  100% 
acid  range  and  0.41%  anhydride  in  the  60  to  100%  anhydride  range.  The 
precision  of  the  free  acid  analysis  tends  to  increase  with  increasing  chain 
length  of  the  monocarboxylic  acid,  since  A Ee  p  also  increases. 

Table  34  summarizes  the  potential  breaks  at  the  end  points  for  the 
titration  of  a  variety  of  acids.  In  the  absence  of  lithium  chloride,  only 
acidic  groups  having  pKa  (H20)  values  less  than  3.13  (citric  acid)  could  be 
titrated,  supporting  the  observations  of  Siggia  and  Floramo  (p.  244).  With 
lithium  chloride  present,  monocarboxylic  acids  with  pKa  values  up  to  5.5 
(picolinic  acid)  could  be  titrated.  In  addition,  all  other  acidic  groups  in  a 
molecule  having  one  acidic  group  with  a  pKa  value  less  than  5.5  were  also 
titratable  up  to  pKa  of  11.9  (HPO42). 

Studies  of  other  salts  and  solvent  systems  were  made  to  enhance 


Table  33.  Typical  Results  for  Analyses  of  Carboxylic  Acids,  Anhydrides,  and  Mixtures  of 

Acids  and  Anhydrides 


Acid  Content 


Acid  Samples 

Taken,  mg 

Found,  mg 

Recovery,  % 

Acetic 

31.5 

32.4 

103.8 

120.0 

124.8 

104.0 

Propionic 

37.3 

37.7 

100.9 

148.2 

149.1 

100.8 

Stearic 

157.5 

158.4 

100.5 

569.0 

563.0 

99.0 

Maleic 

57.7 

57.9 

100.3 

220.0 

217.0 

98.6 

Succinic 

59.3 

60.0 

101.2 

336.2 

339.2 

100.8 

Acid  Anhydride 
Samples 

Acid 

Content,  % 

Anhydride 
Content,  % 

Total, 

% 

Acetic  anhydride 

3.5 

97.6 

101.1 

Propionic  anhydride 

32.3 

67.3 

99.6 

Stearic  anhydride 

A 

0.37 

102.3 

102.7 

B 

1.10 

99.6 

100.7 

Maleic 

0.61 

98.5 

99.1 

Succinic 

7.75 

91.7 

99.5 

Acid  Content 


Anhydride  Content 


Known  Mixtures  of 

Acids  and  Anhydrides  Taken," 
+  Anhydride  meq. 

Found, 

meq. 

Recovery, 

% 

Taken, b 
meq. 

Found, 

meq. 

Recovery, 

% 

Acetic 

Propionic 

Maleic 

Succinic 

0.338 

0.409 

0.302 

0.323 

0.340 

0.408 

0.306 

0.346 

100.6 

98.1 

101.3 

105.0 

0.297 

0.229 

0.294 

0.287 

0.294 

0.227 

0.291 

0.285 

99.0 

99.2 

99.0 

99.4 

«  Corrected  for  anhydride  assay  value  as  reported  above. 

*  Corrected  for  acid  assay  value  and  acid  derived  from  anhydride 


above. 
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Table  34.  Typical  End  Point  Breaks  (AEep)  for  Titration  with  Tn-n -Propylamine  in 

Acetonitrile  Containing  Lithium  Chloride 

Number  of 
AEep,  Equivalents 


Acid 

pK„  (H20) 

mV 

Titrated 

Oxalic 

1.27,  1.47 

437° 

2h 

Malonic 

2.86,  5.70 

255a 

2 

Adipic 

00 

H 

"'t 

280a 

2 

Sebacic 

4.55,  5.52 

415a 

2 

Citric 

3.13,  4.76,  6.40 

310a 

3b 

Lactic 

3.86 

270a 

1 

Phenylphosphoric 

1.83,  7.07 

475a 

2h 

Nicotinic 

4.78 

On 

O 

r> 

1 

Picolinic 

5.50 

185c 

1 

Benzoic 

4.17 

95a 

1 

Phosphoric 

2.1,  7.2,  11.9 

385c 

3b 

Acetic 

4.76 

75a 

(55c) 

1 

Hexanoic 

4.85 

120a 

(110c) 

1 

Dodecanoic 

230a 

(190c) 

1 

Octadecanoic 

290a 

(250c) 

1 

“  Glass-calomel  (saturated  sodium  chloride  in  methanol)  electrode  pair. 
h  1  equivalent  titrated  in  absence  of  lithium  chloride. 

1  Glass-calomel  (0.1M  lithium  chloride  in  methanol)  electrode  pair. 


acidities  of  low  molecular  weight  fatty  acids  and  to  increase  the  precision 
and  accuracy  of  the  titration.  The  potential  break  at  the  equivalence  point 
for  acetic  acid  was  only  75  mV  per  milliliter  of  0.05M  titrant  (Table  34), 
the  lower  limit  for  practical  use.  In  the  foregoing  study  Wharton 
suggested  the  possibility  of  using  calcium  perchlorate,  but  this  salt  is 
difficult  to  dehydrate  completely.  Yet  if  the  salt  is  not  completely  anhy¬ 
drous,  the  anhydride  may  be  hydrolyzed.  Greenhow  and  Jones  (see  below) 
found  barium  perchlorate,  which  can  be  dried  by  heat  at  140°C,  to  be  a 
satisfactory  replacement  for  lithium  chloride  for  short-chain  carboxylic 


Adapted  from  the  Method  of  E.  J.  Greenhow  and  R.  L.  P.  Jones 

[Analyst  97,  346  (1972)] 

REAGENTS 


before 'u^e.  Ana'ytiCa'  reagem  8™de  aCe‘°"e  was  over  molecular  sieve  4A 
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acetonitrile.  Reagent  grade  acetonitrile  was  dried  over  molecular  sieve  4A 
before  use. 

acrylonitrile,  99%.  This  was  used  as  received. 

anhydrous  barium  perchlorate,  99%.  This  was  dried  at  140°C  before  use. 
tri-m -propylamine,  0.25 M  solution  in  acetone.  This  was  standardized 
against  reagent  grade  succinic  acid  (25-30  mg)  or  benzoic  acid  (50-60  mg)  in 
acetonitrile  (30  ml)  containing  anhydrous  barium  perchlorate  (0.2  gram)  by  poten- 
tiometric  titration  as  described  under  Procedure. 


APPARATUS 

A  closed,  magnetically  stirred,  100-ml  titration  cell  fitted  with  an  inlet  and  an 
outlet  for  inert  gas  was  used. 

The  calomel  electrode  in  the  glass-calomel  system  contained  methanol  satu¬ 
rated  with  sodium  chloride  and  had  a  porous  ceramic  membrane. 


PROCEDURE 

Weigh  the  sample  expected  to  contain  1  to  4  meq.  of  acid  into  a  dry 
100-ml  calibrated  flask,  dissolve  it  in  the  titration  solvent,  and  make  the 
volume  to  the  mark  with  the  same  solvent.  Transfer  25  ml  of  the  solution 
with  a  pipet  into  the  titration  cell,  displace  the  air  with  dry  nitrogen,  add 
about  0.2  gram  of  anhydrous  barium  perchlorate,  stir  the  mixture  for  2 
minutes  to  allow  the  exchange  reaction  to  proceed,  and  titrate  the 
solution  potentiometrically  with  standard  tri-n-propylamine  solution. 
Make  the  blank  titrations  on  50  ml  portions  of  solvent. 


RESULTS  AND  DISCUSSION 


Table  35  compares  the  enhancement  of  the  acidity  of  acetic  acid  by 
lithium  chloride  and  barium  perchlorate  in  acetonitrile  and  acrylonitrile. 


Table  35.  Comparison  of  Enhancement  of  Potential  Response  by 
Salts  in  Acetonitrile  and  Acrylonitrile  Using  Glass  Modified  Calomel 

Flprtrnde  Svstem 


Enhancing 
Solvent  Salt 


CN3CN  LiCl 
CH3CN  Ba(C104)2 
C2H3CN  Ba(C104)2 


Potential  Range 
±0.5  ml  of 

Equivalence,  mV  [A  mV/A  ml]  MAX 


100  170 

240  650-1100 

250  700-1400 
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Acrylonitrile  is  marginally  superior  to  acetonitrile  in  terms  of  sharpness  of 
the  end  point  and  is  generally  preferable  to  the  latter  because  it  is  more 
readily  available  in  a  pure,  dry,  acid-free  form. 

Table  36  gives  results  for  the  titrations  of  acetic  acid-acetic  anhydride 
mixtures  in  acetonitrile  with  barium  perchlorate  as  enhancing  salt.  Ac¬ 
curacies  are  better  than  1%  for  acetic  acid  alone  when  25-mg  samples  are 
used,  of  the  order  of  2%  for  5%  of  the  acid  in  the  anhydride,  and  10  to 


Table  36.  Potentiometric  Titration  of  Acetic  Acid  with  Tripropylamine  in  the 
Presence  of  Acetic  Anhydride  and  Barium  Perchlorate 


Sample 


Acetic  Acid 


Acetic  Acid 

-  Acetic 

Added,  In  Anhydride,  Anhydride, 
mg  mg  grams 


-  Taken, 

Found,  Found,  Columns 

mg  %  1+2,% 


32.0 

— 

0 

32.0 

— 

0 

53.4 

40.1 

5.3400 

53.4 

40.1 

5.3400 

62.3 

45.0 

6.0017 

62.3 

45.0 

6.0017 

42.3 

15.8 

2.1120 

42.3 

15.8 

2.1120 

129.9 

45.0 

6.0016 

129.9 

45.0 

6.0016 

58.0 

8.1 

1.0740 

58.0 

8.1 

1.0740 

0 

— 

6.0000' 

0 

— 

6.0000' 

0 

— 

6.0000' 

0 

— 

6.0000' 

0 

— 

6.0130' 

0 

— 

6.0130' 

31.7 

99.1 

100.0 

32.1 

100.3 

100.0 

99.6 

1.85 

1.73 

104.6 

1.94 

1.73 

105.6 

1.74 

1.77' 

114.0 

1.88 

1.77' 

61.9 

2.87 

2.70 

61.9 

2.87 

2.70 

159.1 

2.59 

2.85 

178.8 

2.92 

2.85 

66.3 

5.86 

5.84 

65.3 

5.77 

5.84 

43.6 

0.73 

_ 

45.2 

0.75 

_ 

45.7 

0.76 

_ 

44.2 

0.74 

_ 

107.2 

1.78 

_ 

105.6 

1.76 

solvfmry'0nitrile  35  SOlVent;  a"  0ther  determina‘i°ns  had  acetonitrile 


aline 'or1  it  l‘he  ^  a"hydride'  Higher  fatty  acids  were  determined 
technique.  In  ineraHhfe rd  anhydrides  wi,h  ,he  enhancement 

obtained  withttcetic  acid-  tvni^d'11'5  ^  Sharp  °f  sharPer  than  those 

wun  acetic  acid,  typical  results  appear  in  Table  37. 
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Table  37.  Potentiometric  Titration  of  Samples  of  Acids  and  of  Acids  in  Anhydrides  in  the 

Presence  of  Barium  Perchlorate-Acrylonitrile  Solvent 


Sample 

Taken, 

grams 

Found, 

mg 

Found, 

% 

Potential  Range 
±0.5  ml  of 
Equivalence,  mV 

[A  mV/A  rnL]max 
±10% 

Propionic 

5.6426 

36.6 

0.65 

270 

750 

anhydride 

5.6430 

37.2 

0.66 

Succinic 

0.6762 

14.4 

2.14 

350 

2500 

anhydride 

0.7709 

15.7 

2.04 

Phthalic 

0.4424 

6.8 

1.54 

390 

5000 

anhydride 

1.8443 

28.5 

1.55 

Butyric 

0.0302 

30.4 

100.7 

220 

780 

acid 

0.0331 

32.8 

99.1 

Benzoic 

0.0549 

Standardization 

280 

1180 

acid 

0.0566 

of  titrant 

DETERMINATION  OF  CARBOXYLIC  ACIDS  AND  ANHYDRIDES 


Morpholine-Carbon  Disulfide  Method 

[Adapted  from  F.  E.  Critchfield  and  J.  B.  Johnson ,  Anal.  Chem .,  28,  430-6 
(1956)] 


A  satisfactory  review  of  methods  available  for  the  analysis  of  carboxylic 
acid-anhydride  mixtures  was  given  in  a  paper  by  Johnson  and  Funk  (60); 
see  pages  231-35.  The  method  presented  by  these  authors  is  based  on  the 
reaction  of  morpholine  with  an  anhydride  to  give  one  mole  each  of  acid 
and  amide.  In  this  method  a  known  excess  of  morpholine  is  added  and 
the  excess  is  determined  by  a  nonaqueous  titration.  For  the  determination 
of  free  acid,  a  total  value  must  be  obtained  by  an  independent  procedure. 

The  method  presented  here  was  made  possible  by  the  discovery  that 
primary  and  secondary  amines  can  be  titrated  as  the  corresponding 
dithiocarbamic  acids.  In  the  method  finally  adopted,  the  sample  contain¬ 
ing  anhydride  is  added  to  a  measured  excess  of  morpholine  solution,  he 
free  acid  present  in  the  sample  and  the  acid  formed  by  reaction  of 
anhydride  are  titrated  with  standard  sodium  hydroxide.  Under  the  condi¬ 
tions  of  the  titration  the  excess  morpholine  does  not  interfere.  Th 

60.  J.  B.  Johnson  and  G.  L.  Funk,  Anal.  Chem.  27,  1464  (1955). 
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addition  of  carbon  disulfide  at  the  equivalence  point  of  this  titration 
converts  the  excess  morpholine  to  the  corresponding  dithiocarbamic  acid. 
This  acid  is  then  titrated  with  standard  sodium  hydroxide.  The  difference 
between  a  blank  and  a  sample  for  the  second  titration  is  a  measure  of  the 
anhydride  originally  present.  The  difference  between  the  two  determina¬ 
tions,  in  milliequivalents  per.gram,  is  a  measure  of  the  free  acid  present  in 
the  sample.  A  potentiometric  titration  curve  for  the  determination  of 
acetic  anhydride  by  this  method  is  given  in  Fig.  3.24. 


REAGENTS 

Carbon  disulfide,  reagent  grade. 

Isopropyl  alcohol,  commercial  grade,  Carbide  and  Carbon  Chemicals  Co. 
Morpholine,  0.2 N  in  acetonitrile.  Transfer  17  ml  of  morpholine  to  a  1000-mi 
volumetric  flask  and  dilute  to  volume  with  acetonitrile,  Carbide  and  Carbon 
Chemicals  Co.  commercial  grade. 

Thymolphthalein  indicator,  1.0%  pyridine  solution. 

Sodium  hydroxide,  0.1N. 


5*  sr^TS'f  t  —  - 

thymolphthalein  end  point.  '  B’  blank;  S-  samPle;  T- 
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PROCEDURE 


Pipet  25  ml  of  the  0.2 N  morpholine  solution  into  each  of  two  250-ml 
glass-stoppered  Erlenmeyer  flasks.  Reserve  one  of  the  flasks  as  a  blank. 
Into  the  other  flask  introduce  an  amount  of  sample  that  contains  between 
2.0  and  3.5  meq.  of  acid  anhydride  and  acid.  Allow  both  the  sample  and 
blank  to  stand  at  room  temperature  for  15  minutes.  To  each  flask  add 
75  ml  of  isopropyl  alcohol,  followed  by  5  or  6  drops  of  thymolphthalein 
indicator.  Titrate  with  0.1N  sodium  hydroxide  to  the  first  blue  color 
stable  for  at  least  15  seconds.  Record  these  titrations  and  zero  the  buret 
for  both  the  sample  and  the  blank.  Do  not  overtitrate  the  end  point.  Add 
20  ml  of  water  to  the  blank.  Pipet  5  ml  of  carbon  disulfide  into  each  flask 
and  swirl  to  mix  the  contents  thoroughly.  Titrate  the  contents  of  each 
flask  with  0.1N  sodium  hydroxide.  Swirl  the  flasks  during  the  titration  to 
prevent  a  local  excess  of  titrant  in  the  titration  medium.  The  end  point 
selected  should  be  the  first  blue  or  blue-green  color  stable  for  at  least  1 
minute.  The  difference  between  the  blank  and  sample  for  the  second 
titration  is  a  direct  measure  of  the  anhydride  originally  present.  The 
difference  between  the  first  determination,  and  the  second,  in  milliequiv- 
alents  per  gram,  is  a  measure  of  the  free  acid  in  the  sample.  The  free 
acid  can  also  be  calculated  from  the  difference  between  the  total  volumes 
of  sodium  hydroxide  used  for  the  sample  and  the  blank. 


DISCUSSION 


The  potentiometric  titration  curves  in  Fig.  3.24  were  obtained  by  a 
procedure  similar  to  that  just  described.  For  the  titration  of  both  the 
sample  and  the  blank,  carbon  disulfide  was  added  after  the  titration  curve 
for  the  first  equivalence  point  was  obtained.  In  the  procedure  described 
earlier  thymolphthalein  indicator  is  specified.  In  this  case  carbon  disulfide 
is  added  at  the  equivalence  point  of  the  first  titration.  For  the  curves  in 
Fig  3  24  the  difference  between  the  sample  and  the  blank  for  the  firs 
titration  is  a  measure  of  the  free  acetic  acid  and  acetic  anhydride  present 
in  the  sample.  For  the  sample  titration  curve  S  the  difference  between  t  e 
first  equivalence  point  and  the  second  is  a  measure  of  excess  morpholine 
The  difference  between  the  amount  of  sodium  hydroxide  consume  in 
fitrafion  of  the  second  equivalence  point  of  the  blank,  curve  *  and 

esssss s-sss 
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the  first  titration  is  obtained  by  subtracting  the  blank  from  the  sample; 
the  second  titration  calculation  is  the  blank  minus  the  sample.  Point  T  in 
Fig.  3.24  represents  the  thymolphthalein  indicator  end  point.  Although 
the  indicator  end  point  is  slightly  higher  than  the  potentiometric  end 
point,  the  error  introduced  is  nearly  the  same  for  both  the  sample  and  the 
blank.  The  use  of  phenolphthalein  is  not  recommended  because  the 
difference  in  the  potentiometric  and  indicator  end  points  for  the  first 
titration  is  too  large. 

In  the  method  presented  here,  0.2 N  morpholine  in  acetonitrile  and 
0.1N  sodium  hydroxide  titrant  are  specified.  The  titration  is  carried  out 
using  75  ml  of  isopropyl  alcohol  as  a  cosolvent.  To  prevent  precipitation 
of  the  dithiocarbamic  acid  on  the  addition  of  carbon  disulfide,  a  small 
amount  of  water  must  be  incorporated  in  the  medium.  Sufficient  water  is 
introduced  by  the  titrant  for  the  titration  of  the  sample,  but  for  the  blank, 
20  ml  of  water  must  be  added  before  the  addition  of  carbon  disulfide. 
Stronger  reagents  such  as  IN  morpholine  and  0.5 N  sodium  hydroxide 
cannot  be  used  if  a  procedure  similar  to  the  preceding  is  employed.  When 
water  in  the  titrant  is  added  to  a  titration  medium  consisting  of  25  ml  of 
IN  morpholine  in  acetonitrile  and  75  ml  of  pyridine,  morpholine  be¬ 
comes  basic  to  thymolphthalein  indicator.  Also,  the  dithiocarbamic  acid 
formed  on  the  addition  of  carbon  disulfide  cannot  be  solubilized  by  water. 
Satisfactory  results  have  been  obtained  with  these  stronger  reagents  when 
the  procedure  is  modified,  by  preparing  the  morpholine  reagent  using 
pyridine  as  the  solvent  and  using  a  titration  medium  consisting  of  50  ml  of 
pyridine,  25  ml  of  water,  and  50  ml  of  isopropyl  alcohol. 


Table  38  lists  several  anhydrides  for  which  the  purities  were  deter¬ 
mined  using  the  method  just  described.  Data  are  also  shown  for  the 
determination  of  the  free  acid  present  in  each  of  these  samples.  In  most 


Table  38.  Purity  of  Anhydrides  by  Morpholine-Carbon  Disulfide  Method 


Anhydride 


Purity.  by  Wt.“ 


Total,  %  by  Wt. 


99.2 

100.0 

99.0 


Morpho¬ 

line6 


99.3 
99.6 

99.4 


En(carb!c>yleneletrahydr°phthalic 


97.4  ±  0.2  (2) 


2- Ethylhexanoic 
Maleic 

3- Methylglutaric 


Phthalic 

Propionic 

Succinic 


96.0  ±  0.0(2) 
90.9  ±  0.2  (2) 
98.2  ±  0.1  (4) 

98.5  ±  0.05  (2) 

99.5  ±  0.2  (2) 

96.5  ±  0.1  (2) 
95.7  ±  0.1  (2) 


99.1 

100.0 

100.1 

99.8 


97.5 

99.8 


101.0 

100.0 

100.2 

99.6 


100.0 


100.1 


Procedure  of  Johnson  and  Funk  (60). 


indi?K -  terminations. 
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Table  39.  Analysis  of  Mixtures  of  Anhydrides  and  Their  Corresponding  Acids  by 

Morpholine-Carbon  Disulfide  Method 


Acid- 

Anhydride 

Mixture 

Added,  %  by  Wt. 

Found,  %  by  Wt. 

Acid 

Anhydride 

Total 

Acid 

Anhydride 

Total 

Maleic 

25.4 

74.0 

99.4 

25.7 

74.3 

100.0 

53.6 

46.0 

99.6 

53.7 

46.0 

99.7 

Acetic 

53.8 

45.5 

99.3 

53.9 

45.4 

99.3 

21.7 

77.6 

99.3 

21.9 

77.7 

99.6 

cases  the  purities  are  compared  with  results  obtained  using  the  method  of 
Johnson  and  Funk  (60).  The  precision  is  in  the  order  of  ±0.1%  for  the 
determination  of  purity.  Table  39  gives  the  analyses  of  several  known 
mixtures  of  carboxylic  acids  and  their  corresponding  anhydrides.  For 
these  data  the  accuracy  of  the  method  is  within  ±0.2%  for  both  the  acid 
and  the  anhydride  determinations. 

The  method  is  applicable  to  the  determination  of  a  wide  variety  of 
anhydrides.  Maleic  anhydride  can  be  determined  by  the  method  if  0.2 N 
morpholine  solution  is  used.  With  1.0N  morpholine,  addition  across  the 
double  bond  occurs.  The  method  of  Johnson  and  Funk  (60)  cannot  be 
used  for  this  anhydride  because  maleic  acid  is  acidic  to  the  indicator  used 
in  this  method.  Of  the  compounds  investigated,  only  acrylic  and 
chloroacetic  anhydride  could  not  be  determined  by  this  method.  Halogen- 
substituted  anhydrides  react  with  morpholine  to  liberate  a  halogen  acid; 
acrylic  compounds  add  morpholine  across  the  unsaturation.  The  method 
also  has  merit  in  that  both  the  acid  and  anhydride  determinations  are 
obtained  using  a  single  sample  and  titrant. 


NITRILES 

From  the  Method  of  D.  H.  Whitehurst  and  J.  B.  Johnson 

[Anal.  Chem.y  30,  1332  (1958)] 

In  this  method  the  reaction  of  nitrile  and  alkaline  peroxide  to  form  the 
amide  was  used  as  the  basis  of  an  analytical  procedure  for  simple  aliphatic 
nitriles  In  the  initial  reaction  of  nitrile,  excess  hydrogen  peroxide  an 

phthalein  end  point. 
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determination  of  purity  of  nitriles 

Pipet  50  ml  of  1.0 N  potassium  hydroxide  solution  into  each  of  two 
300-ml  glass-stoppered,  alkali-resistant  flasks.  Pipet  100  ml  of  3%  hy¬ 
drogen  peroxide  into  each  flask.  Reserve  one  of  the  flasks  as  a  blank. 
Introduce  an  amount  of  sample  that  contains  6  to  10  meq.  of  nitrile  into 
the  other  flask.  Allow  the  sample  and  the  blank  to  remain  at  room 
temperature  for  5  minutes  with  occasional  swirling.  Add  a  few  glass  beads 
to  each  flask  (boiling  stones  cause  erratic  results),  and  attach  each  to  a 
40-cm  glass  column  (10-mm  diameter,  24/40  glass  joint).  Use  silicone 
stopcock  grease  on  the  joints.  Apply  heat  and  evaporate  the  sample  and 
blank  to  a  volume  of  approximately  10  ml  each.  Do  not  evaporate  to 
dryness.  Cool  and  wash  each  glass  column  with  100  ml  of  water  and 
collect  the  washings  in  the  respective  flasks.  Drain  the  columns,  remove 
the  flasks,  and  pipet  exactly  50  ml  of  0.5N  sulfuric  acid  into  each.  Add  6 
to  8  drops  of  phenolphthalein  indicator  and  titrate  with  standard  0.5 N 
sulfuric  acid. 


DETERMINATION  OF  LOW  CONCENTRATIONS  OF 
NITRILES  IN  WATER 


Pipet  exactly  25  ml  of  0.2 N  potassium  hydroxide  solution  into  each  of 
two  300-ml  glass-stoppered,  alkali-resistant  flasks.  Pipet  20  ml  of  the 
30%  hydrogen  peroxide  into  each  flask.  Add  200  ml  of  the  water  sample 
from  a  graduate  to  one  of  the  flasks.  Add  200  ml  of  distilled  water  to  the 
other  flask  and  reserve  it  for  a  blank  determination.  Allow  the  flasks  to 
stand  at  room  temperature  for  5  minutes  with  occasional  swirling.  Add  a 
few  glass  beads  to  each  flask  and  attach  to  a  40-cm  glass  column.  Grease 
each  joint  with  silicone  stopcock  grease.  Apply  heat  and  evaporate  to 

2  "I'  "'«?•  D°  n0t  evaP°rate  to  dryness.  Cool  and  wash  each  condenser 
with  50  ml  of  distilled  water  and  collect  the  washings  in  the  respective 
flasks.  Drain  the  condensers  and  remove  the  flasks.  Add  phenolphthalein 
and  titrate  with  standard  0.1  JV  sulfuric  acid. 


DISCUSSION 


Complete  conversion  of  nitrile  to  amide  and  acid  salt  occurs  in  5 
minutes  at  room  temperature  for  each  pure  nitrile  listed  in  Table  40  If 

the  peroxide  volume  is  reduced  to  50  ml  the  reaction  of  acetonitrile 

propionitrile,  and  succinontirile  is  complete  hut  it  ic  ’ 

low  for  butyronitrile.  complete,  but  it  is  approximately  3% 
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Table  40.  Purity  of  Nitriles 


Average  Number  of  Standard 

Compound  Purity,  wt.  %  Determinations  Deviation 


Acetonitrile 

Propionitrile 

Butyronitrile 

Succinonitrile 


100.5 

99.7 

100.0 

100.7 


34 

13 

28 

17 


0.5 

0.3 

0.7 

0.5 


It  was  necessary  to  add  30%  peroxide  to  a  200-ml  water  sample  to 
produce  the  3%  solution  of  hydrogen  peroxide. 

Because  only  part  of  the  amide  formed  from  the  nitrile  is  converted  to 
the  acid  salt  in  the  5-minute  reaction,  it  is  necessary  to  saponify  the 
remaining  amide  by  a  second  reaction.  In  the  case  of  acetonitrile,  approx¬ 
imately  70%  of  the  amide  is  converted  to  potassium  acetate  in  the  first 
reaction.  Concentration  of  the  potassium  hydroxide  until  its  concentration 
is  at  least  2 N  produces  complete  saponification  of  the  amide  formed  from 
acetonitrile,  butyronitrile,  propionitrile,  and  succinonitrile.  In  the  case  of 
acetonitrile,  evaporation  to  a  volume  of  50  ml  (a  concentration  of  IN) 
resulted  in  an  indicated  purity  of  97%.  However  evaporation  continued 
to  a  final  volume  of  10  to  25  ml  produced  an  indicated  average  purity  of 
100.5%  for  the  same  material.  Evaporation  to  approximately  2  ml  is 


necessary  to  obtain  2 N  potassium  hydroxide  solution  for  low  concentra¬ 
tions  of  nitriles  in  water.  . 

All  compounds  that  are  oxidized  to  an  acid  under  the  conditions  o  e 

reaction  will  interfere.  Certain  compounds  (e.g.,  acetaldehyde  and  formal¬ 
dehyde)  will  oxidize  quantitatively,  and  a  correction  can  be  made  if  they 
^  nr^ent  Methanol,  ethanol,  and  2-propanol  interfere  only  slightly  and 
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Table  41.  Low  Concentrations  of  Nitriles 


Concentration,  ppm 


Compound 


Added  Found 


Acetonitrile 


1001  988 

502  500 

50  58 

25  24 


Propionitrile 

Butyronitrile 

Succinonitrile 


5.6  5.0 
6.2  8.8 
5.6  4.1 
5.3  5.7 


"  Average  of  10  or  more  determinations, 
standard  deviation  of  0.15  ppm. 


Method  of  D.  C.  White 

Reprinted  in  part  from  [ Analyst  96 ,  728  (1971)] 

This  work  was  undertaken  to  find  conditions  such  that  cyanide,  if 
present,  will  be  included  quantitatively  with  nitriles  as  total  hydrolyzable 
nitrogen.  Complete  hydrolysis  of  cyanide  was  not  obtained  with  the 
described  Whitehurst  and  Johnson  procedure  but  was  realized  when  a 
larger  amount  of  hydrogen  peroxide  was  used.  Distillation  and  titration  of 
ammonia  produced  served  as  the  end  determination.  A  separate  determi¬ 
nation  of  cyanide  permits  calculation  of  nitrile  by  difference. 

The  reaction  was  formulated  as  follows: 


NH 


OH- 

RCN  +  H202  - >  RCOOH  +  H202 

RCONH,  +  02  +  H20 


reagents 


Hydrogen  peroxide,  30%. 

Sodium  hydroxide  solution,  5 N. 
Boric  acid  solution,  about  4%. 
Hydrochloric  acid  solution,  0.05N. 


ne  blue  in  ethanol;  ( b ) 
to  100  ml  in  each  case, 
ortions  are  important. 
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APPARATUS 

The  apparatus  is  illustrated  in  Fig.  3.25.  The  quartz  wool  plug  in  the  side  arm 
from  the  flask  is  essential  to  prevent  the  carryover  of  alkaline  spray  formed  as  a 
result  of  the  decomposition  of  the  hydrogen  peroxide  during  the  initial  heating  of 
the  reaction  mixture. 

PROCEDURE 


Measure  30  ml  of  hydrogen  peroxide  solution  into  the  reaction  flask 
and  add  sufficient  sodium  hydroxide  solution  to  neutralize  any  acidity  in 
the  sample  plus  1  ml  in  excess.  If  the  acidity  of  the  sample  is  unknown, 
titrate  a  separate  aliquot  with  IN  sodium  hydroxide  with  phenolphthalein 
as  indicator.  Pipet  a  volume  of  sample  containing  about  0.7  meq.  of 
nitrogen,  but  not  more  than  10  ml,  into  the  flask.  Then  add  water  to  make 
the  volume  to  10  ml  if  necessary.  Attach  the  flask  to  the  rest  of  the 
apparatus  and  allow  to  stand  10  minutes.  Place  a  250-ml  flask  containing 
10  ml  of  boric  acid  solution  and  3  drops  of  indicator  below  the  condenser, 
the  end  of  the  condenser  dipping  below  the  surface  of  the  solution.  Add 
40  ml  of  sodium  hydroxide  solution  and  10  ml  of  water  through  the  top 
funnel,  mix  by  swirling,  then  heat  very  gently  until  the  effervescence 
ceases.  Remove  the  source  of  heat  if  at  any  time  the  effervescence 
becomes  vigorous.  Then  increase  the  heat  and  distill  off  the  ammonia 
until  about  30  ml  of  liquid  remains  in  the  reaction  flask.  Titrate  the 
ammonia  with  0.05N  hydrochloric  acid  to  the  neutral  gray  end  point.  It  is 


hydrolyzable  nitrogen. 


Fig.  3.25.  Apparatus  for  the  determination  of  total 
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advisable  at  this  juncture  to  add  a  further  20  ml  of  water  to  the  distil  a 
tion  flask,  replace  the  titration  flask  below  the  condenser  and  distill  a 
further  10  ml.  A  small  additional  titration  is  usually  obtained.  Carry  out  a 
blank  on  all  the  reagents  used. 


CALCULATION 

(T-B)xFx  14.008xl.03 
Nitrogen  (grams  per  100  ml)  =  2xl00xSample  volume 

where  T  is  the  sample  titration  in  milliliters,  B  is  the  blank  titration  in 
milliliters,  F  is  the  factor  for  the  0.05N  hydrochloric  acid  solution,  and 
1.03  is  a  factor  assuming  a  97%  recovery  of  ammonia  from  all  the 
components. 


RESULTS 

Some  results  appear  in  Table  42.  The  mean  recovery  was  97%  with  a 
standard  deviation  of  1.0%.  It  was  therefore  decided  to  assume  an 

Table  42.  Analytical  Results  for  Individual  Components 

Nitrogen 

Nitrogen  - 


in  Solution, 

Taken, 

Found, 

Recovery, 

Solution 

grams  per  100  ml 

mg 

mg 

% 

Acetonitrile  in  0.2 N  H2S04 

0.1521 

7.61 

7.36 

96.7 

15.21 

14.89 

97.9 

Acrylonitrile  in  0.2 N  H2S04 

0.1058 

5.29 

5.09 

96.2 

5.29 

5.07 

95.8 

10.58 

11.09 

95.4 

0.2398 

11.99 

11.63 

97.0 

11.53 

96.2 

0.1930 

19.20 

18.63 

97.0 

18.45 

96.1 

KCN  in  0.2 N  H2S04 

0.1953 

19.43 

19.05 

98.0 

0.2076 

10.38 

10.05 

96.8 

KCN  in  neutral  solution 

10.14 

97.7 

0.2145 

10.73 

10.33 

96.3 

HCN  in  0.2 N  H2S04 

0.2103 

10.52 

10.12 

96.2 

0.1450 

7.25 

7.17 

98.9 

7.12 

98.2 

14.50 

14.09 

97.2 

14.17 

97.7 

14.16 

97.7 
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Table  43.  Analysis  of  Mixtures 


Nitrogen 


Solution 

Nitrogen 
in  Solution, 
grams  per  100  ml 

Taken, 

mg 

Found, 
X  1.03 
mg 

Recovery, 

% 

Acrylonitrile  +  HCN 

0.770 

7.70 

7.75 

100.6 

in  0.2 N  H2S04 

7.66 

99.5 

0.1165 

11.65 

100.0 

11.59 

99.5 

Acetonitrile,  acrylonitrile, 

0.1241 

6.20 

6.21 

100.2 

HCN  in  0.2 N  H2SQ4 

6.18 

99.7 

12.41 

12.40 

99.9 

12.47 

100.5 

average  recovery  of  97%  for  the  components  in  the  analysis  of  unknown 
mixtures.  Table  43  gives  recoveries  of  mixtures. 


4 

Alkoxyl  and  Oxyalkylene  Groups 


R 

RO —  and  — OCH(CH2)nO — 

The  determination  of  the  stated  groups  is  accomplished  through  a  com¬ 
mon  reaction  system  namely,  hydrolytic  splitting  using  hydriodic  acid. 
The  alkoxyl  groups  yield  the  corresponding  alkyl  iodide,  which  can  be 
determined  acidimetrically  or  iodimetrically.  The  oxyalkylene  groups 
yield  the  corresponding  alkylene  diiodide  and  alkyl  iodide,  which  can  be 
determined  as  such  or  can  be  allowed  to  react  further  to  yield  one  mole  of 
free  iodine  per  oxyalkylene  group  (see  p.  279  for  equations).  This 
liberated  iodine  can  be  titrated  and  thus  used  as  a  measure  of  oxyalkylene 
groups. 


Alkoxyl  Groups 


HI 


ROR'  — >  RI  -f  R'l  +  H20 

O 


O 

RC^  "1 


OR' 


/ 

RC  +  H,0 


I 


\ 


+  RI 

O 

/ 

RC  +  HI 


OH 


ACIDIMETRIC  APPROACH 

Method  of  R.  H.  Cundiff  and  P.  C.  Markunas 

[Reprinted  in  part  from  Anal.  Chem.,  33,  1028-30  (1961)] 

The  alkyl  iodide  formed  on  reaction  of  the  alkoxyl  compound  with 
ycno  ic  acid  reacts  with  pyridine  according  to  the  following  equation: 

R~l  +  C5H5N  [C5H5N— R]+I- 
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The  alkyl  pyridinium  iodide  thus  formed  and  the  hydriodic  acid  carried 
along  are  resolved  by  a  differentiating  titration  with  tetrabutylammonium 
hydroxide. 

A  typical  potentiometric  curve,  obtained  from  titration  of  a  hydriodic 
acid-n-butyl  iodide  mixture,  is  shown  in  Fig.  4.1.  The  first  inflection 
represents  neutralization  of  the  hydriodic  acid;  the  second  represents 
neutralization  of  the  iodide.  The  volume  difference  between  the  two  end 
points  is  a  measure  of  the  alkoxyl  content.  The  alkyl  iodides  do  not 
behave  as  acids  in  neutral  solvents  such  as  acetone,  methyl  isobutyl 
ketone,  or  acetonitrile. 

The  first  equivalence  point  in  the  titration  corresponded  to  the  visual 
change  of  azo  violet  indicator  from  orange  to  red,  and  the  second 


Fig.  4.1 .  Titration  of  hydriodic  acid-n-butyl 
iodide  mixture. 
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equivalence  point  corresponded  to  the  visual  change  from  red  to  violet 
Thus  the  titration  may  be  performed  visually  using  a  single  indicator. 


APPARATUS  AND  REAGENTS 


alkoxyl  apparatus.  A  diagram  of  this  apparatus  appears  in  Fig.  4.2.  Any 
conventional  alkoxyl  apparatus  may  also  be  used,  although  the  scrubber  is 
superfluous. 

tetrabutyl  ammonium  hydroxide,  0.02  N.  Prepare  0.1N  tetrabutylam- 
monium  hydroxide  as  described  on  page  00.  Add  20  ml  of  methanol  to  200  ml  of 
this  solution  and  dilute  to  1  liter  with  benzene. 

pyridine.  Flash-distill  technical  grade  pyridine  from  barium  oxide  using  an 
upright  condenser,  discarding  the  first  and  last  10%  of  the  distillate. 
hydriodic  acid.  Merck  &  Co.,  Inc.,  reagent  grade,  55  to  58%  HI,  specific 
gravity  1.7.  No  additional  purification  is  necessary. 


Fig.  4.2.  Alkoxyl  apparatus. 
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azo  violet  indicator  solution.  Dissolve  0.5  gram  of  p-nitrobenzeneazore- 
sorcinol  in  100  ml  of  pyridine. 
xylene.  Analytical  reagent  grade. 


PROCEDURE 

Accurately  weigh  10  to  15  mg  of  the  solid  alkoxyl  compound  and 
transfer  to  the  reaction  flask.  Weigh  volatile  samples  in  gelatin  capsules. 
Add  0.5  ml  of  xylene  to  the  flask  and  dissolve  the  solid  samples,  heating  if 
necessary.  Add  5.0  ml  of  hydriodic  acid  and  a  few  boiling  stones.  Lightly 
grease  the  standard-taper  joints  and  connect  the  flask  to  the  apparatus. 
Place  50  ml  of  pyridine  in  an  Erlenmeyer  flask  and  allow  the  delivery  tip 
to  extend  below  the  surface  of  the  solvent.  Pass  nitrogen  through  the 
system,  adjusting  the  initial  rate  to  one  bubble  per  second.  Apply  heat 
with  a  heating  mantle,  and  adjust  the  heat  so  that  the  top  of  the 
condensate  is  just  above  bulb  A.  Continue  this  nitrogen  rate  for 
20  minutes,  then  increase  the  rate  to  2  to  3  bubbles  per  second  for  the 
remainder  of  the  reaction  period.  Allow  a  minimum  amount  of  conden¬ 
sate  to  pass  into  the  receiver,  and  if  fuming  is  observed  in  the  receiver, 
lower  the  nitrogen  rate  and  adjust  the  heat  so  that  fuming  is  minimized. 
Continue  the  reaction  an  additional  25  minutes  for  methoxyl  determina¬ 
tion,  an  additional  40  minutes  for  ethoxyl  determination,  an  additional 
100  minutes  for  propoxyl  and  butoxyl  determination,  and  an  additional 
160  minutes  for  S-methyl  determination.  Disconnect  the  Erlenmeyer 
flask  and  rinse  the  exit  tube  with  pyridine,  adding  the  washings  to  the 

receiving  flask. 

Gently  boil  the  pyridine  solution  for  2  minutes,  cool,  then  titrate.  The 
titration  may  be  performed  potentiometrically  or  as  follows.  Add  2  drops 
of  azo  violet  indicator  solution  to  the  pyridine  solution  and  titrate  under 
nitrogen  to  a  red  end  point,  record  the  volume,  then  titrate  to  a  violet  end 
point.  The  volume  difference  between  the  red  and  violet  end  points  is  a 
measure  of  the  alkoxyl  content. 

Perform  blank  analyses  with  each  change  of  reagents,  and  subtract  the 
volume  difference  between  the  red  and  violet  end  points  from  that 
obtained  in  the  sample  analysis. 


EXPERI MENT  AL 

alkoxyl  compounds  analyzed.  a  series  ol  alkoxyl  compound.  was 
by  the  described  procedure.  H  .he  compound  ,es,ed  -a.  less 
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than  98%  pure,  it  was  recrystallized  or  chromatographed  until  the  purity 
was  greater  than  98%.  Solid  samples  were  weighed  directly  into  the 
reaction  flask;  liquid  samples  were  weighed  in  gelatin  capsules.  Results  of 
these  analyses  (Table  1)  are  the  average  of  a  minimum  of  two  determina- 

tions. 

ATTEMPTED  RESOLUTION  ON  METHOXYL— ETHOXYL  MIXTURES.  It  is  necessary 

to  boil  pyridine  solutions  of  ethyl,  propyl,  and  butyl  iodide  to  obtain 
stoichiometric  conversion  to  the  corresponding  alkyl  pyridinium  iodide. 
Methyl  iodide  reacts  quantitatively  at  room  temperature.  This  indicated 
that  it  might  be  possible  to  resolve  methoxyl  and  ethoxyl  mixtures. 

In  this  investigation,  the  receiving  flasks  were  chilled  during  the  reac¬ 
tion.  One  pyridine  solution  was  titrated  while  still  at  a  low  temperature;  a 
second  solution  was  boiled,  cooled,  then  titrated.  The  first  titration 
indicated  the  methoxyl  content;  the  second,  the  total  alkoxyl  content,  and 
the  ethoxyl  content  was  obtained  by  difference.  Imprecise  results  were 
noted  in  all  variations  of  the  technique  tried.  The  temperature  of  the 
receiving  solution  is  the  critical  factor.  If  the  temperature  is  held  too  low, 
reaction  of  the  methyl  iodide  is  incomplete;  if  held  too  high,  small 
amounts  of  ethyl  iodide  react.  It  seems  entirely  possible  that  sufficiently 
sensitive  conditions  could  be  established  that  precise  quantitative  results 
could  be  obtained.  Even  so,  qualitative  distinction  between  methoxyl  and 
higher  alkoxyl  groups  can  easily  be  realized  by  this  means. 


DISCUSSION 


That  iodine  and  sulfides  do  not  interfere  was  established  by  adding 
iodine  crystals  to  one  reaction  mixture,  and  iodine  and  ferrous  sulfide  to  a 
second  reaction  mixture.  The  blank  value  from  each  of  these  reactions 
was  the  same  as  that  obtained  with  these  additives  absent.  This  was  tested 
further  by  adding  ferrous  sulfide  and  iodine  to  a  reaction  mixture  in  the 
analysis  of  methyl  cellulose.  The  result  for  methoxyl  content  was  identical 

to  that  obtained  with  the  interferents  absent  and  corresponded  to  the 
theoretical  value. 


Phenol  and  acetic  anhydride  or  propionic  anhydride  were  tried  in 
conjunction  with  hydriodic  acid  in  the  hydrolysis  of  the  alkoxyl  group 
Phenol  could  not  be  used,  since  any  phenol  entering  the  receiver  titrated 
simultaneously  with  the  alkyl  pyridinium  iodide.  The  anhydrides  could  be 
used  without  the  phenol,  since  the  acid  formed  and  carried  into  the 
receiver  titrated  separately  from  both  the  hydriodic  acid  and  the  iodide 

lideswere  used”6356  m  effidenCy  ^  n°*ed'  h°Wever’  when  the  a"hyd- 


Table  1.  Determination  of  Alkoxyl  Content  in  Organic  Com¬ 
pounds 

%  Alkoxyl 


Compound  Theory  Found 


1. 


E. 


P. 


CH30— 

3- Methoxy-4-hydroxybenzalde- 
hyde 

/?,/?'-Dimethoxybenzophenone 

w-Methoxyphenol 

/7-Methoxyphenol 

4- Methoxy-2-nitroaniline 
4'-Methoxy-2-(/?-methoxyphenyl) 

acetophenone 

1  -(/7-Methoxy  phenyl)- 1  -propyl 
palmitate 

Methyl  /?-aminobenzoate 

1 - Naphthyl  methyl  ether 

2- Naphthyl  methyl  ether 
^7-Methylanisole 
w-Methoxyanisole 

2.4- Dimethylanisole 

3.4- Dimethylanisole 

3.5- Dimethylanisole 

1 ,3-Dimethoxy-5-methylbenzene 
1 ,2-Dimethoxy-4-allylbenzene 
Methocel,  Dow 

c2h5o- 

3- Ethoxy-4-hydroxybenzaldehyde 
/7-Diethoxybenzene 
y?-Ethoxyacetanilide 

2-Ethoxy  naphthalene 
p- Ethoxybenzoic  acid 
Ethyl  /?-aminobenzoate 
Ethocel,  Dow 

c3H7o- 

w-Propylcellulose,  Dow 

c4h9o- 

^7- Dibutoxy  benzene 
Butyl  /7-aminobenzoate 

CH3S- 

Methionine 


20.40 
25.64 
25.00 
25.00 
18.46 

24.22 

7.67 

20.53 

19.62 

19.62 

25.40 
44.92 
22.79 
22.79 
22.79 
40.78 

34.63 
30. 0a 

27.12 

54.22 
25.14 
26.16 
27.12 
27.28 
46.3" 

51.0° 

65.77 

37.83 

31.57 


20.47 

25.58 

25.24 

25.37 

18.40 

24.39 

7.75 

20.74 

20.00 

20.03 

25.98 
44.90 
22.80 

23.11 
22.95 

40.41 
35.07 
30.06 

27.07 

54.61 

25.11 
25.97 
27.63 
27.47 
46.04 

50.77 

66.10 

37.99 

31.49 


O  Standard  cellulose  ether  samples  supplied  by  The 
Dow  Chemical  Co.  and  analyzed  by  Samsel  and  McHard 


method  ( 1 ). 

Samsel  and  J.  A.  McHard.  Ind.  EnK.  Chen > 


Anal.  Ed.  14.  75(1  (1942). 
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Xylene  not  only  dissolves  the  test  compound,  but  also  boils  at  a 
temperature  sufficiently  high  to  aid  in  carrying  the  alkyl  iodide  to  the 
receiver.  The  presence  of  xylene  in  the  mixture  also  minimizes  the  fuming 
of  hydriodic  acid. 

It  was  not  necessary  to  purify  further  the  hydriodic  acid  as  obtained 
commercially  or  to  use  special  storage  precautions.  The  more  dilute 
commercial  hydriodic  acid  solutions,  with  and  without  preservative,  can 
also  be  used,  although  the  reaction  time  must  be  increased. 

The  procedure  was  not  evaluated  with  respect  to  the  highly  volatile 
compounds  such  as  diethyl  ether,  although  it  is  believed  that  if  they  are 
weighed  in  gelatin  capsules  and  xylene  is  used  in  the  reaction  mixture, 
additional  precautionary  steps  are  unnecessary.  If  this  should  prove 
unsuitable,  substitution  of  a  similar  apparatus  with  a  water  condenser,  for 
use  during  the  hydrolysis,  should  ensure  quantitative  results  with  this  type 
of  compound. 

One  distinct  advantage  of  this  procedure  is  that  only  2  hours  are 
required  for  determination  of  the  propoxyl  and  butoxyl  groups.  The 
efficient  procedure  of  Shaw  (see  p.  273),  for  example,  requires  a 
minimum  of  3  hours  for  quantitative  conversion  of  the  butoxyl  group, 
whereas  other  procedures  require  longer  reaction  periods  and  even  more 
extensive  modification  of  the  apparatus. 

IODIMETRIC  APPROACH  (FOR  METHOXY  AND 
ETHOXYL  ONLY) 

Combined  Method  of  Elek,  and  Samsel  and  McHard 


Und.  Eng.  Chem.,  Anal.  Ed..  11,  174,  (1939);  ibid.,  14,  754  (1942).  (Adopted 
with  Permission  from  the  Description  in  Niederl  and  Niederl's  Micromethods  of 
Quantitative  Organic  Analysis,  2nd  ed„  Wiley,  New  York,  1942,  pp.  239-44 )] 


(a)  Rl  +  Br2  — RBr  + 

(b)  IBr  +  3H,0  +  2Br. 

(c)  HIOa  +  5HI  — »•  31, 


RBr  4-  IBr 


3I2  +  3H20 


2  v 


HIO3  +  5HBr 


reagents 


100  ml  of  acetic  anhydride. 


grams  of  CP  anhydrous 
1  of  glacial  acetic  acid  and 
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bromine  solution.  Dissolve  1  ml  of  bromine  in  29  ml  of  the  foregoing  potas¬ 
sium  acetate  reagent.  This  solution  should  be  prepared  fresh  daily. 
sodium  acetate.  Dissolve  250  grams  of  CP  anhydrous  sodium  acetate  in  1  liter 
of  distilled  water. 

aqueous  RED  phosphorus  suspension.  Suspend  30  grams  of  CP  red  phos¬ 
phorus  in  50  ml  of  5%  cadmium  sulfate. 

Potassium  iodide,  CP. 

Formic  acid,  reagent  grade,  90%,  sp.  gr.  1.20. 

Hydriodic  acid,  CP  constant  boiling  mixture,  b.p.  126  to  127°C  (57%  hydriodic 
acid). 

10%  Sulfuric  acid.  Add  60  ml  of  concentrated  sulfuric  acid  to  940  ml  of 
distilled  water. 

0.1N  standard  sodium  thiosulfate. 

Starch  indicator. 

carbon  dioxide.  A  commercial  cylinder  with  a  reducing  valve  is  a  good  source. 


APPARATUS 

Complete  apparatus  (Fig.  4.3)  can  be  purchased  from  Scientific  Glass  Apparatus 
Co.,  Bloomfield,  New  Jersey. 


PROCEDURE 


Fill  trap  (A)  two-thirds  with  the  red  phosphorus  suspension.  The 
phosphorus  trap  is  to  keep  any  free  iodine  from  getting  into  the  receiver. 
The  cadmium  sulfate  is  to  remove  any  hydrogen  sulfide  formed. 

2P  +  3I2  — ►  2P13 
Pl3  +  3H20  ->  3HI  +  H3PO3  (2) 


Fill  receiver  (B)  with  bromine  solution  to  a  level  representing  one  third 
of  the  bulb  portion  (C).  Place  the  sample  in  the  reaction  vessel  together 
with  a  boiling  chip  and  a  crystal  of  phenol.  Liquid  samples  should  be 
weighed  in  gelatin  capsules.  To  the  sample,  add  6  ml  of  constant  boiling 
hydriodic  acid,  immediately  attach  the  reaction  flask  to  the  condens®r> 
and  moisten  the  joint  with  hydriodic  acid.  Circulate  water  through  c 
condenser  and  heat  the  reaction  flask.  Bubble  a  slow  stream  of  carbon 
dioxide  through  the  solution  at  a  rate  of  about  2  bubbles  per  secon  ^ 
oil  bath  at  130  to  150°C  or  a  hot-spotter  can  be  used  as  the  heat  g 

2.  E.  P.  Samsel  and  J.  A.  McHard,  Ind.  Eng.  Chem..  Anal.  Ed..  14,  754  (1442). 
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Fig.  4.3.  Methoxyl-ethoxyl  apparatus. 

element.  After  45  minutes  (1  hour  for  ethoxyl  determination)  quantita- 
ively  transfer  the  contents  of  the  receiver  to  a  500-ml  flask  containing 
10  ml  of  sodrum  acetate  solution.  Dilute  the  solution  to  about  125  ml  with 
water  and  add  formic  acid  dropwise  until  the  bromine  color  Ts  d' 
arged,  then  add  3  additional  drops.  After  the  solution  has  stood  for 
minutes,  add  3  grams  of  potassium  iodide  and  15  ml  of  10%  sulfuric 
acd.  Titrate  the  liberated  iodine  with  0.1N  sodium  thiosulfate^ ^  using 
starch  indicator.  A  blank  should  be  run  on  the  nhenol  ,i„„l t  8 

T  T™r’  ,he  W“k  ■>  “  •»."  «  .0  be  imnecessary  °ne' 

.  lew  case,  ihe  .ample  Is  „0,  attacked  completely  by  the  hydtiodtc 
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acid.  This  is  probably  because  of  insolubility  in  the  acid.  In  these  cases,  a 
1 : 1  phenol-hydriodic  acid  mixture  should  be  tried. 


CALCULATIONS 

Milliliters  of  thiosulfate  x  N  thiosulfate  x  mol.  wt.  of  alkoxyl  group  x  100 


Grams  of  sample  x  6000 


%  alkoxyl 


The  foregoing  procedure  is  reproducible  and  accurate  to  ±0.2%. 
Methyl  and  ethyl  alkimides  interfere,  since  they  are  determined  in  a 
similar  manner.  Propoxyl  and  butoxyl  groups  also  interfere  because  their 
iodides,  which  are  formed,  are  sufficiently  volatile  to  be  partially  distilled 
with  the  methyl  or  ethyl  iodide,  causing  high  results. 


Fig.  4.4.  Propoxyl-butoxyl  apparatus. 
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The  procedure  was  tested  with  ethoxy-  and  methoxybenzene,  di- 
methylformal,  dimethylacetal,  1,1,3-trimethoxybutane,  sodium  ethylate, 
and  2,4-dimethoxy-2-methylpentane. 


IODIMETRIC  APPROACH  FOR  PROPOXYL-BUTOXYL  GROUPS 

The  method  described  for  the  determination  of  methoxyl  and  ethoxyl 
groups  can  be  applied  in  this  case  if  the  apparatus  is  modified  as  shown  in 
Fig.  4.4.  This  modification  (3)  makes  it  possible  to  distill  the  propyl  and 
butyl  iodides  quantitatively  into  the  receiver  by  eliminating  a  great  deal  of 
the  tubing  connecting  the  reactor  and  the  receiver. 


IODIMETRIC  APPROACH  FOR  HIGHER  ALKOXYL  GROUPS 

Adopted  from  the  Method  of  S.  Ehrlich -Rogozinski  and  A.  Patchornik 

[Anal.  Chem.,  36 ,  840  (1964)] 

This  method  eliminates  the  distillation  step  and  enables  the  quantita¬ 
tive  determination  of  alkoxyl  groups  in  compounds  having  four  to  26 
carbons.  After  the  alkoxyl  compound  and  hydriodic  acid  have  reacted, 
the  alkyl  iodide  formed  is  extracted  with  benzene  and  treated  with 
aniline.  The  anilinium  iodide  obtained  is  titrated  with  standard  sodium 
methoxide  solution. 

APPARATUS 


Centrifuge  tubes,  30-ml  capacity  for  semimicro  determination  and  10-ml  for 
the  micro  determination,  fitted  with  No.  14  ground  glass  joints. 

Apparatus  for  treatment  of  alkyl  halide  (Fig.  4.5)  includes  a  boiling  flask  A 
wit  a  capacity  ot  15  ml.  Part  B  is  9  cm  long  and  has  a  side  vessel  E  with  a 
capacity  of  about  2  ml  for  the  microdetermination  and  about  5  ml  for  the 
semmiicro  procedure.  During  the  reaction  the  apparatus  is  at  an  angle  (Fig.  4  5) 

backTnto  flask '/V  reaCt'°n  af>paratUS  'S  tilted  *°  Permit  benzene  in  E~ to  run 


REAGENTS 


Hydriodic  acid,  70%,  sp.  gr.  1.96. 

Sodium  methoxide  in  benzene-methanol  prepared  as  follows  according  to  the 
3.  B.  M.  Shaw,  J.  Soc.  Chem.  Ind.,  66,  147-9  (1947). 
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directions  of  Fritz  and  Lisicki  (4).  Wash  6  grams  of  sodium  by  dipping  in  methanol 
for  about  15  seconds  and  dissolve  immediately  in  100  ml  of  methanol.  Protect  the 
solution  from  atmospheric  carbon  dioxide  while  the  sodium  is  dissolving,  if 
necessary,  cool  the  solution  in  cold  water  to  prevent  the  reaction  from  becoming 
too  violent.  When  all  the  sodium  has  reacted,  add  150  ml  of  methanol  and 
1500  ml  of  benzene  and  store  the  reagent  in  borosilicate  glassware  protected  from 
carbon  dioxide.  Determine  the  concentration  of  this  stock  solution  by  titration  of 
benzoic  acid  dissolved  in  a  mixture  of  3  volumes  of  benzene  to  1  volume  of 
methanol  Dilute  the  solution  with  3:1  benzene-methanol  to  obtain  0.05N 
solution  for  the  semimicro  and  0.01  N  for  the  micro  procedure. 


PROCEDURE 

FOR  alcohols,  SEM.M.CRO,  Weigh  0.05  to  0.3  mM  Of  the  alkoxyl  com¬ 
pound  into  a  centrifuge  tube  of  30-ml  capacity.  Weigh  liquids  in  capil- 
Dries  Add  1  ml  of  70%  hydriodic  acid  and  20  mg  of  red  phosphorus. 
mmedLl,  Cos.  ,h.  mb.  »«h  a  greased  ground  gl .»  - 

clamp  it  tight.  Heat  the  tube  in  boiling  water  for  1  hour.  Cool  the  tube  n 
5  b„h,  remove  rhe  stopper,  and  add  7.00  ml  benrene  Sb.  e  .« 

j  jj  2  to  3  drops  of  an  aqueous  suspension  of  thymol  blue.  Cautiou  y 
Ldb  cooi:.  neZ,ir.  «<c«s  b,driod,c  aetd  .ids  ON  a,a«oas  sodtem 

4.  J.  S.  Fritz  and  N.  M.  Lisicki,  Anal.  Chem.,  23,  589  (19.  ). 
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hydroxide  (normally  about  2  ml).  Ensure  complete  extraction  by  vigorous 
shaking.  After  centrifugation,  transfer  a  5.00-m!  aliquot  of  the  benzene 
layer  to  the  boiling  flask.  Neutralize  to  the  blue  end  point  with  0.01  N 
sodium  methoxide.  Add  5  ml  of  aniline,  neutralized  similarly.  Attach  the 
boiling  flask  to  the  apparatus  and  reflux  the  contents  for  30  minutes. 
After  cooling,  return  the  benzene  in  the  side  tube  E  to  the  reaction  flask 
A.  Wash  the  apparatus  with  2  ml  of  neutralized  ethanol.  Perform  the 
titration  in  flask  A  with  0.05 N  sodium  methoxide  to  the  blue  end  point  of 
thymol  blue. 

for  alcohols,  micro.  Weigh  the  sample  containing  0.01  to  0.05  mM  of 
the  alkoxyl  compound  and  use  0.5  ml  of  70%  hydriodic  acid.  Use  3  ml  of 
benzene  for  extraction.  Treat  a  2.00-ml  aliquot  with  2  ml  of  aniline  in  the 
apparatus  with  a  side  arm  trap  of  2-ml  capacity.  Perform  the  titration 
with  0.01  N  sodium  methoxide. 

for  esters.  Dissolve  0.05  to  0.3  mM  of  the  ester  in  0.5  ml  of  propionic 
acid  or  anhydride  for  the  determination  on  the  micro  scale.  Add  0.5  ml  of 
70%  hydriodic  acid.  Proceed  as  for  the  semimicro  procedure  for  alcohols. 

For  the  micro  analysis,  use  0.01  to  0.05  mM  of  ester,  0.3  ml  of 
propionic  acid  or  anhydride  and  0.3  ml  of  70%  hydriodic  acid  and 
proceed  as  for  alcohols. 

Determine  blanks  in  all  cases  by  carrying  out  the  appropriate  proce¬ 
dure  in  the  absence  of  the  alkoxyl  compound. 


RESULTS  AND  DISCUSSION 


To  determine  the  range  of  applicability  of  this  method,  a  series  of 

n-alkyliodides  from  C4  up  to  C16  was  refluxed  with  aniline  and  the 

resulting  anilinium  iodides  were  titrated  with  sodium  methoxide.  In  all 

cases  tested,  quantitative  results  were  obtained  with  a  maximum  relative 
error  of  1%. 

The  same  series  of  n-alkliodides  was  treated  also  bv  the  ^miminrn 


1 - analyzed  as  described. 


Table  2.  Determination  of  Higher  Alcohols,  from  the 
Data  of  Ehrlich-Rogozinski  and  Patchornik" 

Average 

Alcohol  Recovery,6  % 


1-Pentanol 

97.5 

(2) 

1-Hexanol 

98.9 

(2) 

1-Heptanol 

98.5 

(3) 

1-Octanol 

100.2 

(4) 

1-Nonanol 

98.7 

(2) 

1-Decanol 

99.5 

(2) 

1-Undecanol 

99.1 

(2) 

1-Dodecanol 

99.9 

(2) 

1-Tetradecanol 

99.3 

(2) 

1-Pentadecanol 

101.1 

(2) 

1-Hexadecanol 

100.6 

(4) 

1-Heptadecanol 

101.4 

(2) 

1-Octadecanol 

100.0 

(5) 

1-Docosanol 

101.5 

(2) 

1-Hexacosanol 

99.3 

(3) 

a  Patchornik  and  A.  Ehrlich-Rogozinski,  Anal. 
Chem.,  33,  803  (1961). 

6  Figures  in  parentheses  indicate  number  of  de¬ 
terminations. 


Table  3. 


Determination  of  Esters,  from  the  Data 
and  Patchornik" 


Ester 


of  Ehrlich-Rogozinski 

Average 
Recovery,6  % 


n-Hexyl-p-hydroxybenzoate 

n-Heptyl-p-hydroxybenzoate 

n  -Octyl-p-hydroxybenzoate 

n-Nonyl-p-hydroxybenzoate 

n-Dodecyl-p-hydroxybenzoate 

Dioctylphthalate 

n-Hexylacetate 

n-Heptylacetate 

n-Octylacetate 

n-Nonylacetate 

n-Decylacetate 


96.8  (3) 

99.8  (6) 

99.2  (4) 

99.6  (5) 

99.1  (5) 

98.6  (3) 
101.1  (5) 
100.5  (3) 

99.3  (3) 

99.6  (6) 

98.2  (4) 


«  A.  Patchornik  and  A.  Ehrlich-Rogozinski,  Anal.  Chem. ,  33, 
80,3 Figures  in  parentheses  indicate  number  of  determinations. 
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Table  4.  Accuracy  of  the  Method 


Compound 

Taken, 

mg 

Found, 

mg 

Recovery, 

% 

n-Hexylacetate 

28.96 

29.32 

101.2 

28.63 

28.70 

100.2 

37.29 

36.74 

98.5 

42.36 

42.79 

101.0 

47.20 

47.59 

100.8 

49.49 

49.57 

100.2 

49.03 

48.85 

99.6 

41.14 

41.33 

100.5 

42.75a 

42.92 

100.4 

42.58a 

42.64 

100.2 

42.87a 

43.54 

101.6 

57.63 

57.04 

99.0 

56.02 

56.85 

101.5 

63.12 

63.74 

101.0 

53.65 

54.91 

102.3 

12.33 

12.33 

100.0 

12.18 

12.58 

103.4 

00 

9.16 

102.3 

Average 

100.8 

1-Hexadecanol 

52.55 

61.61 

98.5 

54.75 

54.05 

98.7 

58.37 

58.10 

99.5 

46.38 

45.50 

98.1 

52.50 

52.22 

99.5 

53.86 

53.37 

99.1 

65.05 

65.64 

100.9 

1-Octadecanol  49.45 

38.14 

54.27 

39.53 

54.84 

68.16 


Average 

99.2 

49.41 

99.9 

37.93 

99.5 

53.59 

98.7 

39.48 

99.6 

53.42 

97.4 

67.25 

98.7 

Average 


99.0 


With  70%  HI  only. 
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Esters  are  easily  converted  to  alkyliodides,  but  in  some  cases  their 
solubilities  in  aqueous  hydriodic  acid  are  low.  Phenol  is  usually  recom¬ 
mended  as  the  solvent;  but  with  this  procedure  it  interfered  with  the 
titration  because  a  small  amount  is  extracted  by  benzene  and  titrated  as 
acid.  Both  propionic  acid  and  propionic  anhydride  are  suitable  solvents 
which  do  not  interfere. 

The  results  for  a  series  of  esters  appear  in  Table  3. 

The  accuracy  of  the  method  is  shown  in  Table  4.  The  results  indicate  a 
relative  error  of  about  1%. 


Oxyalkylene  Groups 


R 

The  oxyalkylene  groups  can  be  represented  as  — OCH(CH2)„0 — 
where  R  can  be  a  hydrogen  atom  and  n  can  be  1  as  in  the  case  of  the 
oxyethylene  group.  The  formula  is  written  as  it  is  to  cover  all  members. 
The  discussion  to  follow  is  divided  into  two  parts.  One  is  the  determina¬ 
tion  of  the  oxyalkylene  groups  on  a  molecule  as  in  R(OCH2CH2)xOH, 
where  there  are  x  oxyethylene  groups  and  this  quantity  is  determined. 
The  second  portion  of  the  discussion  deals  with  polyoxyalkylene  com¬ 
pounds  as  total  entities,  where  the  analytical  reagent  is  acting  on  the 
oxyalkylene  group  making  analysis  possible,  but  the  reaction  proceeds  in 
a  rather  empirical  stoichiometry.  In  the  latter  cases,  the  percentage  of 
compound  can  be  obtained,  but  the  percentage  of  oxyalkylene  group 

cannot. 


determination  of  oxyalkylene  groups 

Method  of  S.  Siggia,  A.  C.  Starke,  J.  J.  Garis,  and  C.  R.  Stahl 


[Reprinted  in  part  from  Anal  Chem.,  30,  115  6  (1958)] 


Very  few  methods  exist  for  the  determination  of  oxyalkylene  groups. 
Dichromate  oxidation  (5,  6)  has  been  used,  but  this  approach  lacks 


5.  H.  B.  Elkins,  E.  D. 
(1942). 

6.  H.  W.  Werner  and  J 


Storlazzi,  and  J.  W.  Hammond,  J.  Ind.  Hyg.  Toxicol.,  24,  229 
L.  Mitchell,  Ibid.,  15,  375-6  (1943). 
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desired  specificity.  Morgan  (7)  who  used  hydriodic  acid  to  split  the 
oxyethylene  groups  of  polyethylene  glycol  ethers  and  esters,  found 
ethylene  to  be  liberated  and  also  an  alkyl  iodide  presumed  to  be  ethyl 
iodide.  The  alkyl  iodide  was  caught  in  silver  nitrate  solution  and  deter¬ 
mined  via  a  Volhard-type  titration.  The  ethylene  was  caught  in  a  separate 
receiver  and  determined  by  using  bromine.  The  total  of  ethylene  and 
alkyl  iodide  represents  the  total  oxyethylene  groups  in  the  sample. 

Morgan  postulated  the  reaction  to  proceed  as  follows: 

— (CH2CH20)x—  +  2xHI  -+*ICH2CH2I  +  a;H20 

ICH,CH,I  CH2=CH2  +  I2 

Some  of  the  diiodoethane  is  thought  to  react  with  hydriodic  acid: 

ICH2CH2I  +  HI  -►  CH3CH2I  +  I2 

Early  work  in  the  authors’  laboratory  had  indicated  that  a  stoichiomet¬ 
ric  amount  of  iodine  was  formed  during  treatment  of  polyoxyalkylene- 
containing  compounds  with  hydriodic  acid.  A  method  was  devised  around 
the  measurement  of  the  liberated  iodine.  This  work  substantiates  the 
postulations  of  Morgan.  This  approach  permits  determination  of  oxyal¬ 
kylene  groups  in  a  shorter  time,  with  less  manipulation  than  with  the 
earlier  method,  and  with  much  simpler  equipment.  The  method  was 
extended  beyond  the  oxyethylene  groups  to  oxypropylene  groups  as  well. 


REAGENTS 


Hydriodic  acid  (55-58%,  sp.  gr.  1.7)  as  used  for  methoxy!  determinations  is 
required.  It  is  preferable  to  use  hydriodie  acid  with  as  little  free  iodine  as  possible, 
m  order  to  obtain  low  blanks  and  results  with  optimum  precision  and  accuracy 
Freshly  opened  bottles  of  hydriodic  acid  have  a  free  iodine  content  equivalent  to 
2  to  4  ml  of  0  IN  thiosulfate  per  5  ml  of  hydriodic  acid.  The  free  iodine  increases 
apidly  once  the  bottle  is  opened,  and  it  is  not  advisable  to  use  acid  with  a  free 
iodine  content  equivalent  to  over  10  ml  of  0.1N  thiosulfate  per  5  ml  of  acid  This 
impure  acid  w„l  cleave  the  ether  and  ester  linkages  and  can  be  used  but  the  hfgh 
blanks  prevent  optimum  results.  Hydriodic  acid  can  be  distilled  to  lower  its  free 
iodine  content;  however,  it  was  found  more  expedient  to  purchase  The  lid  in 

ZVZTsTt:  ^Ch.  bottle'asts  for  a  few  determinations,  and  not  enough 

hypophosphorous  acid  as  “tabLermust  ““  C°ntaining 

Aqueous  potassium  iodide  solution,  20%. 

Standard  sodium  thiosulfate,  0.1N. 


7.  P.  W.  Morgan,  Ind.  Eng.  Chen,.,  Anal.  Ed.,  18,  500  (1946). 
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Carbon  dioxide.  Cylinder  gas  or  dry  ice  in  a  Dewar  flask  can  be  used. 
Unopened  cylinders  should  be  rapidly  vented  to  the  atmosphere  until  frost  forms 
on  the  nozzle  of  the  valve.  This  reduces  the  oxygen  content  of  the  remaining  gas 
and  results  in  lower  blanks. 


PROCEDURE 


Into  a  50-ml  round-bottomed  flask,  pipet  5  ml  of  hydriodic  acid.  The 
flask  contains  a  ground-glass  joint  to  accommodate  a  vertical  condenser, 
and  is  equipped  with  a  side  arm  through  which  carbon  dioxide  can  be 
passed  to  blanket  the  solution.  Add  a  weighed  sample  containing  0.001  to 
0.002  mole  of  oxyalkylene  group  to  the  hydriodic  acid.  The  sample  is  best 
weighed  in  a  tared  glass  thimble  (1-ml  beaker  works  well)  and  then  drop 
it  into  the  acid,  thimble  and  all.  Connect  the  vertical  condenser  with  a 
thin  grease  seal  at  the  outermost  edge  to  cause  a  good  seal.  Avoid  too 
much  grease,  since  iodine  tends  to  dissolve  in  the  excess  grease. 

Commence  the  flow  of  carbon  dioxide,  and  keep  it  at  a  rate  of  a  few 
(1-5)  bubbles  per  second.  Use  a  bubbler  in  the  carbon  dioxide  line  to 
avoid  excessive  amounts  of  gas,  to  prevent  iodine  from  being  swept  out  of 
the  system,  causing  low  results.  The  system  has  to  be  kept  under  an 
atmosphere  of  carbon  dioxide  to  avoid  air  oxidation  of  the  iodide  ion  to 
free  iodine,  which  would  yield  high,  irreproducible  blanks.  After  allowing 
a  few  minutes  for  the  system  to  be  covered  with  a  blanket  of  carbon 
dioxide,  commence  heating.  Gently  boil  the  sample  solution  tor 
90  minutes;  vigorous  boiling  causes  loss  of  iodine  through  the  condenser. 
Ninety-minute  boiling  was  sufficient  for  the  most  stubborn  compounds 
encountered  in  this  study;  45  minutes  was  satisfactory  for  ethylene  glycol, 
but  slightly  low  values  were  obtained  for  the  Cellosolve  and  Carbitol 

samples  listed  in  Table  5. 

Concurrent  with  the  sample,  run  a  blank  in  the  same  manner  and  in 
duplicate  equipment.  Include  a  glass  bead  in  the  blank  to  avoid  bumping. 
Feed  carbon  dioxide  from  the  same  source  into  the  system  containing  the 
blank  Heat  the  blank  for  the  same  length  of  time,  because  the  blank  is 
sizable  and  variation  must  be  kept  at  a  minimum  for  optimum  resu  ts.  It 
was  found  advantageous  from  a  time  standpoint  to  run  several  samples  at 
one  time,  along  with  one  blank.  These  are  all  purged  at  one  time,  by 
using  a  manifold  of  glass  tubing  to  deliver  the  carbon  dioxide  fr°m  ° 
cylinder.  The  use  of  one  cylinder  is  emphasized,  as  carbon  dioxide  fr 
cylinders  contains  oxygen  which  affects  the  blank.  Di  erent  cy  in  er 

would  contain  different  amounts  of  oxygen. 

After  the  90-minute  boiling  period,  wash  down  the  walls  of  the 

condenser  with  15  ml  of  20%  potassium  iodide  solution.  Dissolve  any 


Table  5.  Determination  of  Oxyalkylene  Groups 


Assay,  % 


Butyl  Carbitol  (diethylene  glycol  monobutyl  ether) 

Phenyl  Cellosolve  (ethylene  glycol  monophenyl  ether) 
Methyl  Carbitol  (diethylene  glycol  monomethyl  ether) 

Carbowax  400  (polyethylene  glycol) 

Dioxane 


Polypropylene  glycol 


Ethylene  glycol 


Propylene  glycol 


Diethylene  glycol  dimethyl  ether 


Hydroxyethyl  acetate 


Stearic  acid  ester  of  polyethylene  glycol,  5.24  moles 
of  ethylene  oxide  per  mole  of  acid 

8.00  moles  of  ethylene  oxide  per  mole  of  acid 


Stearic  acid  ester  of  polypropylene  glycol,  8.4  moles 
of  propylene  oxide  per  mole  of  acid 


99.9 

97.5 

98.9 

98.5 
97.8 

98.4 
99.0 

98.6 

94.5° 
93. 5a 

97.3 

99.5 
97.0 

97. lb 
94.4fi 
96. lb 

98.2 

98.1 

99.2 

87. 2C 
90. 2r 
88.3" 

102.4 

105.2 

105.2 

99.1 
99.5 

99.2 

100.9'' 

103.2' 

102.6" 

100.2" 

98.1" 

99.1" 

94.9" 

97.1" 


°  as  (OCH2CH2).  Theoretical  value  for  oxyethylene  content 
is  96.4  as  determined  from  hydroxyl  group  determination  and 
corrected  for  terminal  groupings. 

%  as  (— OCH2CH— ).  Theoretical  value  for  oxypropylene 


content  is  98.4  determined  from  hydroxyl  group  determination 
and  corrected  for  terminal  groups. 

'  Assay  by  periodic  acid  method  for  1.2-glycol  came  to  91  4°/ 

used  °n  ,he°ret,Cal  value  calculated  from  synthesis  ratios 
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crystals  of  iodine  that  may  have  formed  in  the  condenser  with  the 
potassium  iodide.  Then  wash  the  condenser  with  two  10-ml  portions  of 
water  and  disconnect  from  the  flask.  Rinse  the  tip  and  add  this  washing  to 
the  flask.  Wash  the  contents  of  the  flask  into  an  Erlenmeyer  flask  and 
titrate  with  0.1N  thiosulfate  to  the  disappearance  of  the  iodine  color. 
Some  samples  that  contain  large  organic  nuclei  leave  a  tarry  residue  as  a 
button.  This  residue,  which  is  visible  either  in  the  titration  flask  or  in  the 
reaction  flask,  usually  contains  a  measurable  amount  of  iodine  dissolved 
in  it.  The  button  should  be  dissolved  in  methanol,  and  any  iodine  present 
should  be  titrated  with  thiosulfate.  Add  this  increment  to  the  original 
titration. 


DISCUSSION 

Table  5  shows  results  on  various  oxyethylene  and  oxypropylene  ethers 
and  esters.  In  the  case  of  dioxane,  the  sample  boiled  below  the  boiling 
point  of  the  hydriodic  acid.  To  avoid  low  results  with  this  sample,  it  was 
necessary  to  circulate  ice  water  through  the  condenser,  and  apply  a 
loose-fitting  cork  to  the  top  of  the  condenser.  Carbon  dioxide  was 
allowed  to  pass  into  the  flask  only  at  5-minute  intervals,  to  avoid  flushing 
out  significant  amounts  of  sample.  After  45  minutes  of  gentle  boiling, 
another  5  ml  of  hydriodic  acid  was  added  through  the  condenser  to  rinse 
any  condensed  dioxane  back  into  the  reaction  flask. 

The  Butyl  Carbitol,  Phenol  Cellosolve,  and  Methyl  Carbitol  were 
purified  by  distillation.  Distillation  cuts  were  used  whose  carbon  and 
hydrogen  analyses  checked  with  the  theoretical  values.  The  other  samples 
were  used  as  received. 

Although  1,2-dihydroxy  compounds  operated  satisfactorily  with  this 
method,  compounds  with  more  than  two  adjacent  hydroxyl  groups  could 
not  be  determined.  Thus  glycerol,  1,2,4-trihydroxybutane,  and  dextrose 
gave  results  to  which  no  stoichiometry  could  be  attached.  Dihydroxy 
compounds  in  which  the  hydroxyl  groups  are  not  adjacent  to  one  another 
do  not  behave  like  1,2-dihydroxy  compounds.  When  1,4-butanediol  was 
used,  only  4%  of  the  theoretical  amount  of  iodine  was  liberated.  Evi¬ 
dently  the  diiodobutane  is  very  stable.  Compounds  in  which  the  oxyal- 
kylene  group  is  connected  to  a  nitrogen  [R2N(CH2CH20)xH,  where  R 
can  be  hydrogen  and  x  can  be  1  or  greater]  cannot  be  entirely  decom¬ 
posed  to  liberate  iodine.  Ethanolamine  and  diethanolamine  liberated  no 
significant  amounts  of  iodine.  For  polyglycol  amines  (reaction  products  of 
amines  and  ethylene  oxide),  the  results  corresponded  to  the  total  ox¬ 
yethylene  groups  on  the  molecule  minus  1.  This  signifies  that  the  hyd- 
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'  riodic  acid  attacks  the  ether  linkages  but  not  the  carbon-nitrogen  links. 
Erratic  results  were  obtained  with  epoxides. 


DETERMINATION  OF  POLYOXYALKYLENE  COMPOUNDS 
IN  COMPLEX  SYSTEMS 

Since  polyoxyalkylene  compounds  are  used  as  food  additives  and 
detergents  they  are  often  found  in  very  complex  mixtures.  Methods  with 
high  selectivity  are  required  in  these  cases.  The  methods  described  here 
have  a  greater  selectivity  than  the  method  of  Siggia,  Starke,  Stahl,  and 
Garis  presented  earlier,  but  their  general  accuracy  and  precision  is 
somewhat  lower. 

The  methods  given  here  have  only  been  used  for  polyoxyethylene-type 
compounds;  however  they  may  well  apply  to  other  polyoxyalkylene 
compounds  (i.e.,  polypropylene  glycol  ether). 

Oliver  and  Preston  (8)  used  a  precipitation  technique  employing  phos- 
phomolybdic  acid.  Shaffer  and  Critchfield  (see  methods  below)  describe  a 
gravimetric  and  colorimetric  method  for  polyethylene  glycols  using  silico- 
tungstic  acid  and  phosphomolybdic  acid.  Schonfeldt  (see  method  below) 
describes  a  volumetric  method  using  potassium  ferrocyanide  to  precipi¬ 
tate  the  polyglycol  from  the  mixture,  the  residual  ferrocyanide  is  then 
titrated. 


Phosphomolybdic  and  Silicotungstic  Acid — Methods  of  C.  B.  Shaffer 
and  F.  H.  Critchfield 


[Adapted  from  Anal.  Chem.,  19,  32-4  (1947),  Reprinted  in  Part ] 

In  the  course  of  a  considerable  amount  of  investigation,  the  only 
reaction  of  any  practical  analytical  significance  that  the  polyethylene 
glycols  have  been  observed  to  undergo  is  the  formation  in  acid  solution  of 
highly  insoluble  complexes  with  the  heteropoly  inorganic  acids,  such  as 
phosphomolybdic  and  silicontungstic,  in  the  presence  of  a  heavy  metal 
cation  such  as  barium.  No  explanation  is  offered  of  the  mechanism  of  this 
reaction  but  it  has  proved  useful  as  a  basis  for  the  quantitative  determi¬ 
nation  of  the  soluble  polyethylene  glycols.  Two  methods  have  been 


In  the  gravimetric  method,  the  polyglycol  is  precipitated  in  hydro- 
one  acid  solution  with  silicotungstic  acid  and  barium  chloride,  and  the 


8.  J.  Oliver  and  C.  Preston,  Nature,  172,  820  (1953) 
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precipitate  is  filtered,  washed,  dried,  and  ignited  at  700°C  in  a  muffle 
furnace.  The  residue,  consisting  of  the  mixed  oxides  of  barium,  silicon, 
and  tungsten,  is  weighed.  The  amount  of  polyglycol  originally  present  in 
the  sample  is  calculated  from  the  weight  of  residue  by  means  of  an 
empirical  factor  determined  from  known  quantities  by  this  method.  This 
procedure  is  suitable  for  quantities  of  polyglycol  of  the  order  of  5  to 
100  mg,  where  an  ordinary  macroanalytical  balance  is  used. 

In  the  colorimetric  modification  the  polyglycol  is  precipitated  from  the 
sample  in  a  small  centrifuge  tube  by  the  addition  of  barium  chloride  and 
phosphomolybdic  acid.  The  precipitate  is  isolated  and  washed  by  re¬ 
peated  centrifugation,  following  which  it  is  digested  in  concentrated 
sulfuric  acid.  The  digest  is  diluted,  neutralized,  and  made  up  to  a  definite 
volume,  in  an  aliquot  of  which  molybdenum  is  determined.  The  useful 
range  of  this  method  is  of  the  order  of  0.05  to  1.0  mg  of  polyglycol  at  a 
minimum  concentration  of  0.01  mg  per  milliliter.  Phosphomolybdic  is 
substituted  for  silicotungstic  acid  in  this  case  because  molybdenum  can  be 
determined  somewhat  more  satisfactorily  than  tungsten. 

Owing  to  the  variation  in  useful  range  of  the  two  methods,  the 
colorimetric  modification  has  been  applied  principally  to  whole  blood  and 
plasma,  whereas  the  gravimetric  technique  is  used  almost  exclusively  for 
urine. 


REAGENTS 

silicotungstic  acid,  10%.  Dissolve  10  grams  of  silicotungstic  acid 

(4H20Si0212W0y22H20) 

in  a  small  quantity  of  water  and  neutralize  with  10%  sodium  hydroxide  to  a 
methyl  red  end  point.  Dilute  to  100  ml. 

hydrochloric  acid,  1-4.  Dilute  1  volume  of  concentrated  hydrochloric  acid 
to  4  volumes  with  water. 

Barium  chloride,  10%. 

Phosphomolybdic  acid,  10%. 

PHENYLHYDRAZINE  SULFATE  (FOR  MOLYBDENUM  DETERMINATION).  Dilute  3  ml 

of  concentrated  sulfuric  acid  to  60  ml  with  water  and  add  3  ml  of  freshly  distilled 
phenylhydrazine.  Shake  well  to  dissolve  the  precipitate  and  dilute  to  100  ml.  Store 
in  a  brown  glass  bottle  and  refrigerate  when  not  in  use. 


METHODS 


PRETREATMENTS 

completely  free 


of  samples.  Filtrates  of  whole  blood  or  plasma  that  are 
from  traces  of  protein  are  suitable  for  analysis,  provide 
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they  are  not  prepared  with  tungstic  or  molybdic  acids.  In  the  present 
work,  preference  has  been  given  to  Somogyi’s  (9)  zinc  sulfate-barium 
hydroxide  precipitation  of  plasma  proteins.  Sulfate  obviously  will  inter¬ 
fere  in  the  gravimetric  method,  and  although  theoretically  it  should  not 
affect  the  colorimetric  method,  it  is  considered  desirable  to  remove  it  in 
this  case  as  well.  Despite  careful  balancing  of  the  zinc  sulfate  and  barium 
hydroxide  solutions,  it  has  been  the  experience  of  Schaffer  and  Critchfield 
that  filtrates  of  plasma  prepared  in  this  manner  invariably  contain  excess 
sulfate.  The  latter  may  be  removed  by  precipitation  with  barium  im¬ 
mediately  prior  to  precipitation  of  the  polyglycol. 

In  the  analysis  of  urine  by  the  gravimetric  method,  Fiske’s  ferric  acetate 
treatment  has  been  found  satisfactory  for  the  removal  of  interfering 
substances,  with  the  exception  of  sulfates,  from  average,  normal  urines. 
The  procedure  is  carried  out  as  described  by  Hoffman  (10),  who  states 
that  the  basic  ferric  precipitate  removes  not  only  phosphates  but  also 
protein,  lipoids,  and  any  debris  present,  along  with  a  large  part  of  the 
urinary  pigment.  The  filtrate  from  the  ferric  acetate  precipitation  must 
undergo  further  treatment  for  the  removal  of  sulfate.  For  this  purpose, 
dilute  an  aliquot  of  the  filtrate  to  50  ml,  add  4  ml  of  concentrated 
hydrochloric  acid,  and  hydrolyze  and  precipitate  sulfates  according  to 
Folin’s  directions  (11)  for  the  determination  of  total  sulfate  in  urine. 


After  removal  of  the  barium  sulfate  by  filtration,  the  filtrate,  including 
washings,  is  ready  for  precipitation  of  the  polyglycol  contained  therein 
according  to  the  procedure  given  below. 


The  experience  of  handling  a  large  number  of  control  blood  and  urine 
samples  has  demonstrated  that  these  methods  of  pretreatment  are  effec¬ 
tive  in  removing  substances  ordinarily  present  in  the  body  fluids  that 
might  form  insoluble  products  with  silicotungstic  or  phosphomolbdic 
acids.  Specimens  from  subjects  receiving  certain  types  of  medication— for 
example,  cinchona  alkaloids— would  present  individual  problems.  In 
some  instances,  as  in  the  foregoing  example,  the  interference  could  be 
removed  by  ether  extraction  of  the  sample.  In  connection  with  the 
question  of  interfering  materials,  it  seemed  desirable  to  test  the  reaction 

wasToundTh^t  ftCS  ^  re'ated  substances  with  silicotungstic  acid.  It 
Treadle  ,rl  S'^e ,  tyrosme,  methionine,  cystine,  cysteine,  choline, 
nine,  uric  acid,  allantoin,  phenol,  catechol,  and  hydroquinone  in 

50-mg  amounts  form  no  precipitate  with  silicotungstic  aclunder  the 
conditions  of  this  determination.  6 


9.  M.  Somogyi,  J.  Biol.  Chem.,  160,  69-73  (1945) 

10.  W.  S.  Hoffman,  J.  Biol.  Chem.,  93,  787-96  (1931) 

11  *■*:  Pe,ers  Md  D  D  Van  Slyke,  Quantitative  Clinical  Chemist, n,  Vnl 
Williams  and  Wilkins,  Baltimore  1932,  pp.  771.  893  Vo1 
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gravimetric  procedure.  Place  the  sample,  freed  of  interfering  materi¬ 
als,  in^a  600-ml  beaker  and  add  10  ml  of  1:4  hydrochloric  acid  and  10  ml 
of  10%  barium  chloride  solution.  For  ease  of  subsequent  filtration,  it  is 
desirable  that  the  quantity  of  polyglycol  present  be  less  than  0.1  gram.  In 
the  case  of  urine  treated  according  to  the  foregoing  scheme,  sufficient 
hydrochloric  acid  and  barium  chloride  are  already  present  at  the  conclu¬ 
sion  of  the  procedure,  that  further  quantities  of  these  reagents  need  not 
be  added.  Dilute  the  contents  of  the  beaker  to  about  250  to  300  ml  and 
bring  to  a  boil  on  a  burner  or  hot  plate.  At  this  point  precipitate  the 
polyglycol  with  10  ml  of  silicotungstic  acid  added  slowly  from  a  pipet. 
Boil  the  solution  a  few  seconds  to  flocculate  the  precipitate,  and  then 
cover  the  beaker  and  set  it  aside  for  8  to  12  hours.  At  the  end  of  this 
time,  filter  the  precipitate  with  suction  in  a  tarred  Gooch  crucible  previ¬ 
ously  ignited  at  700°C  for  30  minutes  and  cooled  in  room  air.  Wash  the 
precipitate  thoroughly  with  a  minimum  of  200  ml  of  distilled  water,  dry  it 
in  an  oven  at  110°C  for  several  hours,  and  transfer  it  to  a  muffle  furnace  at 
700°C  for  consecutive  30-minute  periods  to  constant  weight.  The  temper¬ 
ature  of  ignition  is  important,  since  it  is  the  optimal  temperature  that 
minimizes  incomplete  dehydration  of  the  silicon  oxide  on  the  one  hand 
and  volatilization  of  tungsten  oxide  on  the  other  (12). 

It  is  not  necessary  to  boil  the  solution  upon  adding  the  silicotungstic 
acid,  since  the  precipitate  appears  to  form  almost  equally  well  in  the  cold. 
The  gravimetric  factor  will  be  very  slightly  different  in  the  latter  case.  In 
filtering  the  precipitate,  it  is  important  to  prevent  the  crucible  from 
running  dry  at  any  time  during  the  process.  If  the  precipitate  is  sucked 
dry,  it  cakes  and  breaks  into  fragments,  through  the  crevices  of  which  the 
wash  water  channels. 

Table  6  lists  the  results  of  a  series  of  known  amounts  of  Carbowax 
compounds  1000  and  6000  added  to  urine  and  recovery  by  the  gravimet¬ 
ric  method. 

colorimetric  procedure.  Place  10  ml  of  a  protein-free  filtrate  of  plasma 
from  which  sulfate  has  also  been  removed  in  an  ordinary  15-ml  graduated 
centrifuge  tube,  to  which  are  added,  in  the  order  given,  1ml  of  1:4 
hydrochloric  acid,  1  ml  of  10%  barium  chloride,  and  1  ml  of  10% 
phosphomolybdic  acid.  The  solution  must  be  stirred  after  each  addition 

with  a  thin  glass  rod. 

When  addition  of  the  reagent  has  been  completed,  allow  the  tube  to 
stand  for  at  least  1  hour,  during  which  time  a  characteristic  flocculent 
greenish  precipitate  forms  by  the  interaction  of  the  phosphomolybdic  acid 
and  any  polyglycol  present.  Then  centrifuge  the  tube  at  about  2500  rpm 

12.  J.  R.  Spies,  Ind.  Eng.  Chem.,  Anal.  Ed.,  9,  46-7. 
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Table  6.  Recoveries  by  Gravimetric  Method  of  Carbowax  Compounds  Added  to  Human 

Urine 


Carbowax  Compound  1000 

Carbowax  Compound  6000 

Carbowax 

Compound 

Added 

Average 
Recovery 
in  Duplicate 
Determinations 

Graduated 

Values® 

Average 
Recovery 
in  Duplicate 
Determinations 

Graduated 

Values® 

mg. 

°/ 

/o 

mg. 

°/ 

/o 

mg. 

20 

100.8 

20.1 

96.4 

19.5 

30 

99.8 

30.2 

98.7 

29.7 

40 

101.7 

40.3 

101.3 

39.9 

50 

101.0 

50.4 

99.6 

50.0 

60 

100.6 

60.4 

101.7 

60.2 

70 

99.7 

70.5 

98.9 

70.4 

80 

100.9 

80.6 

101.3 

80.6 

°  Graduated  values  obtained  by  substitution  of  “Carbowax  compound  added” 
in  straight-line  equations  calculated  from  recovery  data  by  method  of  least 
squares. 


for  10  minutes,  and  slowly  and  carefully  draw  the  supernatant  solution  off 
without  disturbing  the  precipitate.  For  siphoning  off  this  fluid,  a  capillary 
device  such  as  the  one  described  for  washing  calcium  precipitates  (11)  is 
very  useful.  Wash  the  precipitate  and  tube  with  two  portions  of  0.1N 
hydrochloric  acid.  In  each  washing  allow  3  ml  of  the  acid  to  flow  slowly 
from  a  pipet  down  the  sides  of  the  tube,  so  that  the  walls  are  washed 
about  their  entire  circumference.  Then  fragment  the  precipitate  with  the 
giass  rod  and  suspend  in  the  acid,  rinse  down  the  rod  and  the  walls  of  the 

tube  with  about  7  ml  of  distilled  water,  and  recentrifuge  the  tube  and 
repeat  the  washing  process. 

After  the  final  centrifugation,  draw  off  the  liquid  and  transfer  the 
precipitate  quantitatively  to  a  100-ml  Kjeldahl  flask  with  a  minimum 
amount  of  water.  Next  add  3  ml  of  concentrated  sulfuric  acid  to  the 

a°nd.e"*S  °f  the  fla.Sf’  ®nd  dlgCSt  the  PreciP'tate  with  nitric  and  perchloric 
ac  ds  in  the  usual  fashion.  At  the  completion  of  this  process;  cool  the 

407rsodn  r.eSldue’.d,lute  with  abou‘  20  ml  of  water,  and  neutralize  with 
0  sodium  hydroxide  to  a  phenolphthalein  end  point.  At  this  point  add 

1  or  2  drops  of  dilute  sulfuric  acid  to  bring  the  mixture  iust  tn Z ’  a 

side  of  the  indicator.  Then  make  up  the  solute” . Cl  volume^ 
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MolyMdum  is  determined  in  the  neutralized,  diluted  digest  as  follows 

Place  a  10-ml  aliquot  followed  by  5  ml  of  the  phenylhydrazine  solution 
in  an  Evelyn  colorimeter  tube  and  mix  the  solutions  by  swirling.  Close  the 
tube  with  a  clean  rubber  stopper  pierced  by  a  fine  capillary  and  place  it  in 
a  hot-water  bath  at  81  ±2°C.  Allow  the  tube  to  remain  in  the  bath  exactly 
15  minutes,  then  remove  and  allow  it  to  cool  to  room  temperature.  Read 
the  transmission  of  the  contents  in  the  colorimeter  using  filter  490,  and 
setting  the  galvanometer  to  100  with  a  blank  carried  through  all  the  steps 
of  the  procedure.  Then  read  the  polyglycol  content  of  the  original  sample 
from  a  standard  curve  prepared  from  a  series  of  known  quantities  carried 
through  the  identical  procedure.  A  plot  of  concentration  against  extinc¬ 
tion  is  linear  within  the  range  of  the  instrument.  Any  standard  colorime¬ 
ter  or  spectrophotometer  can  be  substituted  for  the  Evelyn  type. 

Table  7  lists  the  results  of  a  series  of  known  amounts  of  Carbowax 
compounds  1000  and  6000  added  to  plasma  and  recovery  by  the  col¬ 
orimetric  method. 


Table  7.  Recoveries  by  Colorimetric  Method  of  Carbowax  Compounds  Added  to  Rabbit 

Plasma 


Carbo- 

Carbowax  Compound  1000 

Carbowax  Compound  6000 

wax 

Com¬ 

pound 

Added 

No.  of 
Determi- 

Mean 

Recovery 

Range 

Gradu¬ 
ated  Mean 

Values3  Recovery 

Range 

Gradu¬ 

ated 

Values3 

mg.  % 

nations 

y 

/  o 

y 

/o 

mg.  % 

y 

/  o 

y 

/o 

mg.  % 

10 

5 

98 

92-100 

9.5 

103 

100-108 

9.9 

20 

5 

100 

100 

19.6 

100 

100 

20.1 

40 

5 

98 

98 

39.8 

99 

95-102 

40.6 

60 

5 

101 

100-102 

60.0 

103 

98-105 

61.0 

80 

5 

99 

96-100 

80.2 

102 

99-104 

81.4 

100 

5 

101 

100-103 

100.4 

102 

101-104 

101.9 

a  Graduated  values  obtained  by  substitution  of  “Carbowax  compound  added" 
in  straight-line  equations  calculated  from  recovery  data  by  method  of  least 


squares. 


DISCUSSION 

Phosphotungstic,  phosphomolybdic,  or  silicotungstic  acid  will  form 
insoluble  complexes  with  all  the  Carbowax  compounds  in  acid  aqueous 

13.  G.  von  Hevesy  and  R.  Hobbie,  Z.  Anorg.  Allgem.  Chem.,  212,  134-44  (1933). 

14.  E.  Montignie,  Bull.  Soc.  Chim.  Fr.  (4),  47,  128  (1930). 
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solution.  In  the  case  of  silicotungstic  acid,  polyglycols  200,  300,  and  400 
do  not  react  with  the  formation  of  insoluble  products  in  dilute  acid 
aqueous  solution  where  hydrogen  is  the  only  cation  present.  In  this 
connection  it  became  of  interest  to  ascertain  at  what  point  in  the 
polyglycol  series  the  capacity  to  form  precipitates  with  barium  and 
silicotungstic  acid  commences.  Therefore,  approximately  200-mg 
amounts  of  di-,  tri-,  tetra-,  penta-,  and  hexaethylene  glycols  were  submit¬ 
ted  to  the  procedure  above.  It  was  found  that  pentaethylene  glycol  is  the 
lowest  member  of  the  series  to  give  this  precipitate.  This  finding,  how¬ 
ever,  does  not  exclude  the  possibility  that  some  sort  of  reaction  may  take 
place  with  the  first  three  glycols  that  does  not  involve  formation  of  an 
insoluble  product. 

reaction  of  compound  4000  with  silicotungstic  acid.  Examined  mic¬ 
roscopically,  the  turbidity  produced  by  silicotungstic  acid  with  Carbowax 
compound  4000  in  pure,  dilute  hydrochloric  acid  solution  may  be  seen  to 
consist  of  finely  divided  oily  droplets,  which,  in  the  course  of  several 
hours’  standing,  coalesce  to  form  a  colorless,  greasy  film  on  the  bottom  of 
the  container.  If,  however,  sodium  or  ammonium  ions  are  introduced  into 
the  solution,  either  by  the  addition  of  their  chlorides  or  by  previous 
partial  neutralization  of  the  silicotungstic  acid  with  the  corresponding 
hydroxides,  a  white,  flocculent,  solid  precipitate  forms  which  may  be 
filtered.  Although  no  attempt  has  been  made  to  determine  sodium  or 
nitrogen  quantitatively  in  these  precipitates,  they  are  presumed  to  be  the 
sodium  and  ammonium  salts  of  the  polyethylene  glycol — silicotungstic 
acid  complex,  since  they  do  not  form  where  these  cations,  or  others 
except  hydrogen,  are  absent.  They,  as  well  as  the  barium  derivative,  are 
referred  to  hereinafter  as  “salts”  for  want  of  better  knowledge  of  their 
composition. 


Samples  of  the  isolated  sodium  salt  melted  at  234  to  236°C  (Fisher- 
Johns,  uncorrected).  Samples  of  the  ammonium  salt  melted  at  179  to 
181°C,  and  analyzed  18.45%  carbon,  and  62.5%  residue  after  ignition  at 
700°C.  It  is  assumed  that  this  residue  is  Si0212W03.  No  melting  point  is 
reported  for  the  barium  salt  because  it  was  consistently  observed  to 
undergo  slight  charring  at  282  to  283°C. 

Small  quantities  of  the  barium  salt  of  the  Carbowax  compound  4000- 
sthcotungstic  acid  complex  were  prepared  for  elementary  analyses  by 
prec'pnatmg  the  polyglycol  under  the  conditions  of  the  analytical  proce- 
ure  set  forth  earlier.  The  precipitates  were  washed  with  distilled  water 
by  repeated  centrifugation  and  dried  in  a  desiccator  at  room  temperature 

Z  zrs'sz  "ed  r  v"™m  pis,°'  ■■  *  *  i»»-c 

p  essure  of  0.005  mm  Hg.  The  average  of  replicate  analyses  showed 
y  rogen,  .160%;  carbon,  11.685%;  and  residue,  77.225%.  Chlorine 
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was  absent.  The  residue  itself,  consisting  of  the  mixed  oxides  of  barium, 
silicon,  and  tungsten,  analyzed  an  average  of  9.265%  barium  in  duplicate 
determinations,  and  was  carbonate  free.  This  figure  approximates  a 
theoretical  value  of  8.72%  barium  for  a  residue  of  the  proportions 
2Ba0Si0212W03. 

Accurate  interpretation  of  the  composition  of  the  unignited  barium 
derivative  from  the  carbon  and  hydrogen  values  just  reported  is  obviously 
impossible  without  a  knowledge  of  the  exact  mean  molecular  weight  of 
Carbowax  compound  4000.  This  molecular  weight  has  variously  been 
estimated  at  3000  (Menzies  Wright)  and  3590  (acetyl  value).  If  we  accept 
the  former  figure  as  the  correct  one,  we  may  calculate  an  almost  exact 
ratio  of  1  mole  of  polyglycol  to  4  moles  of  mixed  oxides — that  is,  1  glycol 
to  4  (2BaOSi02T2W03). 

In  the  present  state  of  our  knowledge  it  is  impossible  to  say  with  any 
certainty  whether  any  water  of  composition  or  crystallization  remains  in 
the  compound  under  the  conditions  of  drying  employed.  However  it 
would  seem  from  the  slight  discrepancy  between  the  residue  value  ob¬ 
tained  in  the  elementary  analyses  (77.225%)  and  that  which  may  be 
calculated  from  the  gravimetric  factor  (78.09%)  that  some  water  was 
present  in  the  samples  submitted  for  analysis.  This  inference  is  further 
borne  out  by  the  fact  that  the  calculated  value  for  percentage  of  poly¬ 
glycol  in  the  compound,  based  on  percentage  of  hydrogen  found,  is  higher 
than  that  based  on  either  percentage  of  carbon  or  percentage  of  residue. 
If  water  of  composition  or  crystallization  were  present,  the  result  based 
on  the  hydrogen  value  would  be  expected  to  be  high. 

DETERMINATION  OF  GRAVIMETRIC  FACTORS  FOR  DIFFERENT  CARBOWAX 

compounds.  Samples  of  all  four  Carbowax  compounds,  1000,  1540, 
4000,  and  6000,  were  dehydrated  in  benzene  and  stored  in  a  desiccator 
over  phosphorus  pentoxide.  From  these  samples  standard  solutions  of 
2  grams  per  liter  in  distilled  water  were  prepared  and  aliquots  of  each 
were  analyzed  in  quadruplicate  by  the  gravimetric  procedure.  From  the 
results  of  the  analyses,  a  gravimetric  factor  was  calculated  that  defined  the 
amount  of  each  Carbowax  compound  represented  per  amount  of  residue 
weighed:  Carbowax  compound  6000,  0.2712;  Carbowax  compound  4000, 
0.2808;  Carbowax  compound  1540,  0.2487;  Carbowax  compound  1000, 

0.2544. 

VARIATION  OF  GRAVIMETRIC  FACTOR  AMONG  DIFFERENT  BATCHES  OF  CAR¬ 
BOWAX  compound  4000.  The  gravimetric  factors  listed  obviously  can 
apply  strictly  only  to  the  particular  samples  of  polyethylene  glycols  under 
observation.  Since  the  Carbowax  compounds  used  industrially  are  blends 
of  production  batches,  the  proportions  of  the  components  of  which  are 
varied  to  maintain  constant  physical  properties,  it  seemed  necessary  to 
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'  indicate  the  probable  limits  within  which  the  factor  for  a  given  compound 
may  vary,  in  view  of  the  possible  use  of  this  method  in  estimating  these 
compounds  in  miscellaneous  commerical  preparations. 

Accordingly,  samples  were  obtained  of  10  consecutive  production 
batches  of  Carbowax  compound  4000.  Eight  of  these  specimens  were  in 
the  form  of  fine  flakes;  the  other  two  resembled  hard  waxes.  Portions  of 
each  were  crushed  and  desiccated  in  vacuo  overnight  over  phosphorus 
pentoxide,  and  a  stock  solution  containing  approximately  2  grams  per 
liter  was  prepared  for  each  sample.  Aliquots  of  each  stock  solution  were 
then  submitted  to  the  analytical  procedure,  and  the  ratio  of  ash  to 
Carbowax  compound  was  calculated.  On  ignition,  these  10  examples 
produced  residues  ranging  from  3.56  to  3.78  (mean  3.661  ±0.004)  milli¬ 
grams  per  milligram  of  desiccated  polyglycol. 

Ferrocyanide  Method  of  N.  Schonfeldt 

[Adapted  from  J.  Am.  Oil  Chemists  Soc.,  32,  77-9  (1955),  Reprinted  in  Part ] 

The  starting  point  of  this  investigation  was  the  observation  of  von  Baeyer 
and  Villiger  (15)  that  ferrocyanic  acid  H4[Fe(CN)6]  gives  addition  pro¬ 
ducts  with  diethyl  ether.  Several  modifications  led  to  the  following  method. 


REAGENTS 


0-25 M  potassium  ferrocyanide,  reagent  grade,  containing  0.5  gram  of  anhy¬ 
drous  sodium  carbonate  per  liter. 

Ammonium  sulfate-solution  containing  400  grams  of  recrystallized  ammonium 
sulfate  per  liter. 

Sodium  chloride,  reagent  grade. 

Hydrochloric  acid,  reagent  grade,  sp.  gr.  1.18. 

1%  diphenylamine  (1  gram  +  99  grams  sulfuric  acid,  sp.  gr.  1.84). 

2%  potassium  ferricyanide  (2  grams +  98  ml  distilled  water). 

0.075M  zinc  sulfate,  reagent  grade. 

For  washing  of  the  precipitate,  the  following  solution  is  used:  840  ml  of  distilled 
water,  240  grams  of  sodium  chloride,  and  80  ml  of  hydrochloric  acid,  sp.  gr.  1 . 1 8. 


PROCEDURE 


J'T*  !°°-ml  .SIoluti°n  containing  essentially  not  more  than  0.3  gram 
of  the  ethylene  oxtde  adduct  in  a  300-ml  Erlenmeyer  flask,  and  add  10  ml 

15.  A.  von  Baeyer  and  V.  B.  Villiger,  Ber.,  34,  2679  (1901). 
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of  hydrochloric  acid  (sp.  gr.  1.18)  and  15  grams  of  sodium  chloride.  Shake 
the  mixture  until  all  the  salt  is  dissolved.  Then  add  5.0  ml  of  potassium 
ferrocyanide.  Shake  the  Erlenmeyer  flask  again,  and,  after  letting  it  stand 

for  a  few  minutes,  filter  the  precipitate  and  wash  it  with  25  ml  of  washing 
solution. 

After  washing,  add  5  ml  of  ammonium  sulfate  solution,  5  drops  of  2% 
potassium  ferricyanide,  and  5  drops  of  1%  diphenylamine  to  the  filtrate, 
and  titrate  it  without  delay  with  0.075M  zinc  sulfate  (15).  The  solution 
becomes  greenish,  and  at  the  end  point  it  changes  to  blue-violet. 

The  zinc  sulfate  solution  should  be  standardized  against  100  ml  of 
blank  solution.  An  empirical  factor  /  is  calculated  for  each  ethylene  oxide 
adduct  by  carrying  a  series  of  known  quantities  of  the  ethylene  oxide 
adduct  in  question  through  the  procedure.  A  standard  curve  is  thereby 
constructed.  The  empirical  factor  /  can  be  calculated  from  the  equation  of 
f=x/c-b  where  x  is  the  amount  of  ethylene  oxide  adduct,  c  the  initially 
added  amount  of  ferrocyanic  acid  (determined  by  titration  with  zinc 
sulfate  solution),  and  b  the  amount  of  ferrocyanic  acid  left  in  the  filtrate 
and  estimated  as  above.  Thus  c  —  b  is  the  amount  required  for  the 
precipitation  of  the  ethylene  oxide  adduct.  By  knowing  /,  the  ethylene 
oxide  compound  content  of  a  sample  can  be  calculated  from  the  standard 
curve. 

NOTES 

1.  The  solutions  of  potassium  ferrocyanide,  diphenylamine,  and  potas¬ 
sium  ferricyanide  should  be  kept  in  dark  bottles. 

2.  The  potassium  ferrocyanide  solution  is  discarded  when  more  than  4 

days  old. 

3.  Some  adducts  may  be  difficult  to  determine  because  of  their  poor 
dispersibility.  In  some  instances  this  can  be  counteracted  by  adding  the 
potassium  ferrocyanide  solution  immediately  after  the  addition  of  hyd¬ 
rochloric  acid  and  before  the  sodium  chloride. 

4.  Titrate  first  with  moderate  haste  and  dropwise  near  the  end  point. 

5.  When  washing  a  highly  dispersible  precipitate,  the  washing  solution 

should  be  added  cautiously  in  small  portions. 

6.  It  is  easier  to  observe  the  end  point  of  the  titration  with  daylight  or  a 

daylight  lamp.  .  .  . 

7.  Do  not  allow  the  samples  to  stand  for  a  long  time  before  titration. 

8  Generally  the  filtration  can  be  carried  out  with  filter  paper  No.  3. 
However  in  some  cases  No.  00  may  be  preferable  for  obtaining  a  clear 

fil 

Table  8  illustrates  the  results  obtained  with  the  method.  The  first 
column  shows  the  amount  of  ethylene  oxide  adducts.  The  other  columns 
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un.  ethyl,  ox.  per  mole 


un.  ethyl,  ox.  per  mole 
oleyl  alcohol 


un.  ethyl,  ox.  per  mole 
oleyl  amine 


Adduct 

gram 

6.3 

9.2 

12.4 

15.6 

17.8 

6.2 

9.4 

12.4 

6.5 

20.1 

30.3 

0  30 

0.097 

0.124 

0.157 

0.164 

0.177 

0.086 

0.132 

0.149 

0.115 

0.171 

0.192 

0.096 

0.124 

0.156 

0.163 

0.176 

0.085 

0.131 

0.149 

0.111 

0.169 

0.191 

0.24 

0.082 

0.102 

0.128 

0.135 

0.144 

0.079 

0.108 

0.120 

0.101 

0.142 

0.156 

0.080 

0.102 

0.126 

0.136 

0.144 

0.081 

0.107 

0.120 

0.102 

0.143 

0.157 

0.12 

0.039 

0.054 

0.068 

0.070 

0.073 

0.039 

0.055 

0.059 

0.054 

0.074 

0.077 

0.040 

0.054 

0.067 

0.069 

0.072 

0.040 

0.054 

0.059 

0.050 

0.072 

0.075 

0.06 

0.019 

0.027 

0.036 

0.037 

0.038 

0.018 

0.026 

0.031 

0.022 

0.037 

0.041 

0.020 

0.029 

0.034 

0.037 

0.035 

0.019 

0.026 

0.031 

0.024 

0.037 

0.043 

0.03 

0.012 

0.015 

0.016 

0.017 

0.017 

0.008 

0.013 

0.016 

0.014 

0.019 

0.021 

0.011 

0.015 

0.018 

0.017 

0.017 

0.008 

0.013 

0.016 

0.01 1 

0.018 

0.022 

1.00  m 

0.304 

0.451 

0.552 

0.573 

0.594 

0.306 

0.441 

0.507 

0.407 

0.599 

0.666 

(calc.) 

m.d. 

7.9% 

3.3% 

4.7% 

2.6% 

2.4% 

7.9% 

2.3% 

2.5% 

7.6% 

2.5% 

4.5% 

contain  the  amounts  of  ferrocyanic  acid  necessary  for  the  precipitation  of 
adducts  with  different  chain  length.  These  amounts  have  been  calculated 
in  the  following  way.  Assume  that  the  filtrate  after  precipitation  and 
washing  of  the  ethylene  oxide  adduct  consumes  m  ml  of  0.075 M  zinc 
sulfate.  Furthermore,  let  us  assume  that  the  solution  containing  5.0  ml  of 
0.25 M  ferrocyanic  acid  and  the  other  additions  on  standardizing  requires 
23.0  ml  of  0.07 5 M  zinc  sulfate.  The  theoretical  value  for  the  above  men¬ 
tioned  amount  of  ferrocyanic  acid  lies  at  25.0  ml  of  0.075 M  zinc  sulfate. 
This  gives  a  correction  factor  at  25.0/23.0.  On  multiplying  m  with  this 
factor  and  subtracting  from  25.0,  the  number  of  milliliters  of  zinc  sulfate 
is  obtained.  This  number  multiplied  by  0.0108  gives  the  corresponding 
amount  of  ferrocyanic  acid  in  grams.  It  is  advisable  to  standardize  the  zinc 
sulfate  solution  daily  against  the  blank. 


The  adducts  in  Table  8  were  prepared  by  condensing  various  amounts 
of  ethylene  oxide  with  commerical  grade  p-octyl  phenol,  oleyl  alcohol, 
and  oleyl  amine.  On  examining  this  table,  it  can  be  noted  that  the 
reproducibility  was  good.  The  accuracy  in  the  range  0.03  to  0.3  gram  per 
100  ml  is  sufficient;  at  concentrations  below  0.01  gram  per  100  ml  it  is 
less  good.  From  the  data  in  Table  8  the  mean  (m)  and  the  mean  deviation 
(m.d.)  tor  1.00  gram  of  adduct  have  been  calculated. 

From  Table  8  the  mole  ratio  of  adduct  to  ferrocyanic  acid  was  calcu- 
lated  for  p-octyl  phenol  +  6,  9,  12,  15,  and  18  units  ethylene  oxide  as  1  to 

On  knowing  the  molecular  weight  of  the  hydrophobic  part  (M)  and  the 
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number  of  ethylene  oxide  units  in  the  adduct  (c),  it  is  possible  to  calculate 
trom  Table  8  the  amount  of  ferrocyanic  acid  (a)  required  for  precipitation 
of  one  gram  mole  of  ethylene  oxide: 

b 

a  =  — - 

c(M  +  44c) 

where  b  signifies  the  amount  in  grams  of  ferrocyanic  acid  required  for  the 
precipitation  of  1  gram  of  adduct. 

The  following  values  in  grams  were  obtained:  for  p-octyl  phenol +  6.3, 
9.2,  12.4,  15.6,  and  17.8  units,  26.4,  30.4,  33.4,  33.4,  and  33.4,  respec¬ 
tively;  for  oleyl  alcohol +  6.2,  9.4,  and  12.4  units,  26.8,  32.2,  and  33.2, 
respectively;  and  for  oleyl  amine  +  6.5,  20.1,  and  30.3  units,  34.4,  34.4, 
and  35.2,  respectively.  Since  the  molecular  weight  for  ferrocyanic  acid  is 
215.96,  the  mean  of  the  values  approaches  one  sixth  of  it. 

With  two  exceptions  (some  are  the  lowest  numbers  in  their  series),  the 
values  for  a  show  comparatively  good  agreement. 


CONCLUSIONS 

The  reaction  between  the  ethylene  oxide  adducts  and  the  ferrocyanic 
acid  takes  place  on  the  ethylene  oxide  chain  and  is  independent  of  the 
hydrophobic  portion  of  the  compound.  The  mole  ratios  as  well  as  the  a 
values  show  for  three  different  substances,  with  different  hydrophobic 
parts,  comparatively  good  agreement,  making  plausible  an  analogy  to  von 
Baeyer  and  Villiger’s  observation  on  diethyl  ether  that  the  reaction  takes 
place  between  the  oxygen  atoms  of  the  ethylene  oxide  chain  and  fer¬ 
rocyanic  acid. 

The  a  values  make  it  furthermore  plausible  that  one  mole  of  fer¬ 
rocyanic  acid  is  required  for  the  precipitation  of  an  adduct  containing  six 
units  of  ethylene  oxide.  This  indicates  that  complete  precipitation  of  a 
longer  chain  is  easier  than  of  a  shorter  one.  This  probably  leads  to  an 
explanation  as  to  why  in  Table  8  just  the  lowest  numbers  in  the  series 
show  the  greatest  m.d.  and  why  the  above-mentioned  two  deviations  for 
the  a  values  were  found  at  the  lowest  numbers. 


DETERMINATION  OF  TRACES  OF  POLYOXYALKYLENE 
COMPOUNDS 

These  methods  must  not  only  be  selective  (since  the  matrix  of  the 
sample  usually  is  a  complex  system  such  as  a  biological  fluid,  a  cleaning 
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bath,  or  oil  well  drilling  mud),  but  they  must  also  be  sensitive  in  very  low 
concentration  ranges.  One  approach  is  colorimetric,  based  on  compila¬ 
tion  of  the  cobaltothiocyanate  ion  by  polyoxyalkylene  compounds.  The 
other  method  is  nephelometric,  based  on  the  precipitation  ot 
polyoxyalkylene  compounds  with  potassium  mercuric  iodide  reagent.  The 
authors  of  this  book  have  found  the  nephelometric  method  to  be  the 
more  widely  applicable  for  trace  quantities.  The  nephelometric  method  is 
used  extensively  to  monitor  cleaning  formulations  and  also  oil  well 
drilling  muds. 

Nephelometric  Method  of  B.  T.  Kho  and  H.  J.  Stolten 


[ Published  by  General  Aniline  and  Film,  435  Hudson  St.,  New  York,  N.Y. 

(0014)] 

This  method  permits  the  determination  of  the  concentration  of  water- 
soluble  nonionic  surfactants  of  known  chemical  structure.  Although  the 
sensitivity  of  this  test  varies  with  the  nonionic  material  being  tested,  for 
most  nonionics  the  lower  limit  of  determination  is  1  to  10  ppm. 

The  procedure  presented  here  calls  for  visual  comparison  of  an  un¬ 
known  with  standards.  However  the  method  should  be  adapted  to  in¬ 
strumentation  wherever  possible.  In  fact,  instrumental  comparison  of 
turbidities  is  recommended  in  the  analysis  of  samples  containing  relatively 
high  concentrations  of  nonionic. 


SCOPE 

In  general,  this  analysis  is  applicable  to  all  water-soluble  ethylene 
oxide-containing  nonionic  surfactants  and  to  polyglycols.  Such  products 
include  polyethylene  glycols  and  the  ethylene  oxide  adducts  listed  below. 

Water-Soluble 
Ethylene  Oxide  Adducts 
Derived  from 


Alkylphenols 
Aliphatic  alcohols 
Aliphatic  acids 
Fatty  amines 
Alkyl  mercaptans 
Polyalkylene  glycols 
Fatty  amides 
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This  analysis  is  suitable  for  quality  control  of  formulated  products  and 
tor  accurately  controlling  the  concentration  of  nonionic  surfactants  in 
processing  operations.  One  of  the  chief  assets  of  this  method  is  its 
specificity  tor  nonionics.  The  only  substances  known  to  form  precipitates 
or  turbidity  with  Nonionic  Reagent,  thus  interfere  with  this  method,  are 
alkaloids,  germicidal  quaternaries,  and  certain  proteinaceous  materials. 


BASIS  OF  THE  METHOD 

Nonionic  Reagent  (K2HgI4)  forms  a  white  turbidity  with  nonionic 
surfactants  in  very  dilute  solutions.  The  simplified  equation  for  this 
reaction  may  be  written  as  follows: 

K2HgI4  + nonionic  -»  K2HgI4* *nonionic 

Turbidity  formation  is  essentially  completed  in  15  minutes;  however 
several  hours  may  be  required  for  development  of  maximum  turbidity  as 
measured  by  precise  instrumental  methods.  The  turbidity  remains  fine 
and  well  dispersed  for  some  time. 

Turbidity  increases  with  increasing  concentration  of  nonionic  as  is 
shown  in  Fig.  4.6,  which  plots  concentration  of  Igepal  CO-630*  against 
the  turbidity  formed  by  the  reaction  Igepal  CO-630  +  Nonionic  Reagent. 

The  procedure  presented  here  was  designed  for  determination  of  a 
water-soluble  nonylphenol  ethylene  oxide  adduct.  It  should  be  modified 
to  suit  the  requirements  of  each  type  of  analysis.  See  section  entitled 
“Suggestions  for  Using  the  Method.” 


%  0.002  0.004  0.006  0.008 

>pm.  20  40  60  80 


Fig.  4.6.  Concentration  of  Igepal  CO-630.  Optical 
density  measured  on  Beckman  DU  spectro¬ 
photometer  at  460  nm,  15  minutes  after  start  of 

reaction. 


*  Igepal  CO-630  is  nonylphenol  to  which  has  been  added  9  moles  of  ethylene  oxide  per 
mole  of  phenol.  The  name  Igepal  is  a  registered  trademark  of  General  Aniline  and  Film 

Corp. 
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apparatus 

Four  25-ml  graduate  cylinders. 

Two  1-ml  volumetric  pipets. 

One  2-ml  volumetric  pipet. 

One  3-ml  volumetric  pipet. 

Four  32-ml  flat-bottom,  clear  glass  vials. 


REAGENT 

nonionic  reagent.*  Contains  39.25  grams  per  liter  of  potassium  iodomercu- 
rate  (K2HgI4  or  2KI  Hgl2);  it  is  prepared  by  dissolving  13.55  grams  of  mercuric 
chloride  (HgCb)  and  50.00  grams  of  potassium  iodide  (KI)  in  1  liter  of  water. 


STANDARD 

An  aqueous  solution  containing  0.05%  of  the  nonionic  surfactant  under  test 
and  similar  in  all  other  respects  to  the  sample  to  be  analyzed. 


PROCEDURE 

Quantitatively  dilute  or  dissolve  the  sample,  to  obtain  an  aqueous  test 
solution  in  which  the  concentration  of  active  nonionic  falls  in  the  range 
0.05  to  0.15%.  Add  5  ml  of  Nonionic  Reagent  to  each  of  four  25-ml 
graduates  (I,  II,  III,  and  IV,  respectively). f  Add  with  a  volumetric  pipet 
1,  2,  and  3  ml  of  standard  to  graduates  I,  II,  and  III,  respectively.  Add 
with  a  volumetric  pipet  1  ml  of  test  solution  to  graduate  IV.  With  clean 
water  dilute  the  reactants  in  each  of  the  four  graduates  to  25  ml; 
subsequently  invert  each  graduate  once  or  twice  to  mix  the  contents. 
Allow  mixtures  to  stand  for  at  least  10  minutes.  Pour  the  contents  of  each 
graduate  into  a  clear  32-ml  vial.  Observe  the  turbidities  against  a  dark 

background  by  looking  down  at  the  bottom  of  the  vial  through  the  surface 
of  the  liquid. 

Compare  turbidity  IV  with  turbidities  I,  II,  and  III  and  determine 

which  one  it  most  nearly  matches.  This  establishes  the  number  of  millili- 

ters  of  standard  that  is  equivalent  to  I  ml  of  test  solution.  When  turbidity 

IV  lies  between  two  of  the  others,  it  is  possible  to  estimate  to  0  5  ml  of 
standard. 


*  Mayer’s  Reagent. 

•  Because  of  its  toxicity.  Nonionic  Reagent  should  not  be  pipetted  by  mouth. 
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CALCULATION 

%  Nonionic  in  sample  =  Tx  Fx  (0.05) 

where  T  =  milliliters  of  standard  that  produced  turbidity  most  nearly  like 
that  of  test  solution 

F—  dilution  factor  relating  test  solution  to  sample 

SUGGESTIONS  FOR  USING  THE  METHOD 

AGES  OF  TURBIDITIES  SHOULD  BE  ESSENTIALLY  THE  SAME.  It  is  necessary  tO 

minimize  differences  in  the  ages  of  the  turbidities  to  be  compared. 
Therefore,  it  is  important  to  minimize  delay  between  each  addition  of 
nonionic  (standard  and  test  solution)  to  reagent;  the  order  of  the  steps  in 
this  procedure  was  established  with  this  in  view. 

The  turbidity  formed  by  the  reaction  of  Nonionic  Reagent  with 
nonionic  surfactants  increases  with  time,  as  shown  in  Fig.  4.7,  which  plots 
time  against  the  turbidity  formed  by  the  reaction  of  Igepal  CO-630  with 
Nonionic  Reagent.  The  time  for  development  of  maximum  turbidity 
varies  with  the  particular  nonionic  being  determined,  concentration  of 
nonionic,  temperature,  and  other  materials  present.  In  most  cases,  how¬ 
ever,  turbidity  adequate  for  visual  analysis  is  formed  after  10  minutes;  it 
is  merely  necessary  that  the  ages  of  the  turbidities  of  standard  and  test 
solution  be  essentially  the  same. 

When  comparison  of  turbidities  is  made  by  instrument,  age  of  turbidity 
is  a  variable  that  must  be  specified  in  the  standard  calibration  curve. 

NONIONIC  REAGENT  IS  TOXIC  AND  SHOULD  NOT  BE  PIPETTED  BY  MOUTH.  It  is 

suggested  that  Nonionic  Reagent  be  measured  by  pouring  it  into  the 
graduates  to  the  desired  (5-ml)  mark. 

THE  STANDARD  WILL  HAVE  TO  BE  ADJUSTED  TO  SUIT  THE  REQUIREMENTS  OF 

each  analysis.  Where  greater  sensitivity  in  visual  comparison  of  tur¬ 
bidities  is  required,  the  standard  turbidities  should  be  prepared  to  cover  a 
more  narrow  range  of  concentrations  of  nonionic. 

There  is  some  evidence  that  in  the  determination  of  certain  nonionics, 
greater  precision  can  be  obtained  by  using  three  standards  rather  than 
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■  three  aliquots  of  one  standard.  Using  three  standards  permits  the  initial 
formation  of  standard  and  test  solution  turbidities  to  take  place  in  equa 
volumes  of  solution. 

The  standard  in  the  foregoing  procedure  was  chosen  arbitrarily  from 
the  range  of  concentrations  suitable  for  this  test  when  applied  to  nonyl- 
phenol  ethylene  oxide  adducts.  Depending  on  the  system  in  which  the 
nonionic  is  used,  however,  a  standard  may  be  made  equivalent  to  some 
convenient  measure  of  nonionic  in  sample,  such  as  pounds  per  gallon  or 
pounds  per  barrel. 

TURBIDITY  OBTAINED  MAY  BE  TOO  DENSE  OR  TOO  SPARSE.  These  directions 

are  suitable  for  the  determination  of  many  nonionics.  When  the  forma¬ 
tion  of  turbidity  by  a  nonionic  is  relatively  great  or  small,  however,  the 
concentrations  of  standard  and  (conversely)  the  degree  of  dilution  of 
sample  must  be  adjusted  upward  or  downward. 

When  the  concentration  of  nonionic  is  very  small,  the  amount  of 
sample  reacted  with  reagent  can  be  increased  (to  20  ml  if  necessary);  the 
calculation  should  be  adjusted  accordingly. 

colored  samples  may  be  analyzed.  The  extent  of  dilution  of  sample  is, 
in  most  cases,  sufficiently  great  to  nullify  the  interference  with  the  test  by 
color.  If  the  presence  of  color  in  the  sample  prevents  accurate  comparison 
of  turbidities,  however  the  following  steps  can  be  taken: 


1.  Prepare  standard  and  test  solution  controls  (CS  and  CTS,  respec¬ 
tively;  see  Fig.  4.8);  that  is,  pipet  1  ml,  of  standard  and  1  ml  of  test 
solution  into  25-ml  graduates,  respectively,  and  (refraining  from  adding 
reagent)  dilute  the  contents  of  each  to  25  ml. 

2.  Pour  contents  of  each  graduate  into  a  separate  comparator  tube. 
View  test  solution  turbidity  (TST)  with  standard  control  held  beneath  it; 

view  standard  turbidities  (ST)  with  test  solution  control  held  beneath 
them. 

When  color  interferes  with  instrumental  comparison  of  turbidities,  use 


Fig.  4.8 
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controls  as  blanks  or,  preferably,  choose  a  wavelength  at  which  the  color 
in  question  does  not  interfere. 

THE  NEPHELOMETER  IS  RECOMMENDED  FOR  INSTRUMENTAL  MEASUREMENT  OF 

turbidities.  This  instrument  measures  scattered  light  that  is  directly 
proportional  to  turbidity.  However  photometers  and  colorimeters  of  the 
filter  or  dispersion  types  can  also  be  used. 

The  use  of  an  instrument  permits  the  establishment  of  a  standard 
calibration  curve  relating  turbidity  to  concentration  of  nonionic.  Subse¬ 
quent  measurements  need  be  made  on  test  solution  alone*  the  concentra¬ 
tion  of  nonionic  test  solution  is  simply  read  from  the  standard  curve. 
Moreover,  instrumental  comparison  of  turbidities  is  recommended  for 
analysis  of  samples  that  contain  a  high  content  of  nonionic  (e.g.,  formu¬ 
lated  products).  Since  such  samples  must  be  greatly  diluted  to  bring  the 
concentration  of  nonionic  into  the  range  of  measurable  turbidities,  a  large 
dilution  factor  must  be  entered  into  the  calculation.  The  net  result  is  a 
significant  magnification  of  the  absolute  error  (in  measurement  of  turbid¬ 
ity).  Instrumental  measurement  of  turbidities  greatly  diminishes  the  abso¬ 
lute  error. 

NONIONIC  SURFACTANTS  MAY  BE  ANALYZED  IN  THE  PRESENCE  OF 

anionics.  The  presence  of  anionic  surfactants  tends  to  diminish  the 
turbidity  produced  by  nonionics.  Analysis  by  this  method  is  still  possible, 
however,  provided  the  standard  contains  the  same  ratio  of  anionic  to 
nonionic  as  does  the  sample. 

effects  of  environment.  Temperature.  Turbidity  decreases  with  in¬ 
creasing  temperature.  However  this  effect  is  negligible  at  room  tempera¬ 
ture. 

pH.  Analysis  of  nonionics  with  Nonionic  Reagent  may  be  conducted 
over  a  wide  PH  range;  however  the  pH  values  of  standard  and  test 
solution  should  be  approximately  the  same. 

Concentration  of  Electrolytes.  Electrolytes  (including  polyphosphate 
builders)  and  water  hardness  do  not  prevent  the  use  of  this  method.  But  it 
is  advisable  to  make  up  standards  having  the  same  type  and  concentration 
of  electrolytes  known  to  be  in  the  sample. 


Colorimetric  Cobaltohiocyanate  Method— Adapted  from  D.  J.  Morgan 

[ Reprinted  in  Part  from  Analyst ,  87,  233-4  (1962)] 

Gnamm  (16)  and  van  der  Hoeve  (17)  showed  that  poly(ethylene  oxide) 
condensates  also  form  blue  precipitates  with  ammonium  cobaltothio- 

16.  H.  Gnamm,  Die  Losungs  und  Weichmachungsmittel ,  6th  ed.,  Wissenschaftlische  Ver- 

lagsgesellschaft  m.b.H.,  Stuggart,  1950,  p.  336. 

17.  J.  A.  Van  der  Hoeve,  Rec.  Trav.  Chim.  Pays-Bas,  67,  649  (1948). 
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cyanate.  Brown  and  Hayes  (18)  developed  a  quantitative  method  based 
on  this  reaction  and  involving  use  of  a  modified  version  (200  grams  of 
ammonium  thiocyanate  plus  30  grams  of  hydrated  cobalt  nitrate)  of  van 
der  Hoeve’s  reagent.  They  extracted  the  complex  into  chloroform  and 
measured  the  optical  density  of  the  solution  at  620  or  318  nm,  use  of  the 
latter  wavelength  giving  increased  sensitivity. 

It  was  found  that  the  complexes  formed  by  several  polyethylene  oxide) 
surfactants  were  insoluble  in  chloroform,  but  could  readily  be  extracted 
into  benzene.  After  evaporation  of  the  benzene,  the  complex  was  decom¬ 
posed  with  water,  and  the  cobalt  in  the  aqueous  solution  was  determined 
as  its  complex  with  nitroso-R  salt,  optical-density  measurements  being 
made  at  500  nm  (19).  The  sensitivity  achieved  by  this  procedure  was 
about  as  high  as  that  attained  by  making  direct  measurements  of  the  blue 
complex  at  318  nm;  thus  the  proposed  method  should  be  valuable  to 
laboratories  equipped  with  a  visible  spectrophotometer.  Furthermore,  if 
Brown  and  Haye’s  modified  reagent  (18)  is  used  and  cobalt  is  determined 
in  this  way,  it  should  be  possible  to  increase  the  sensitivity  still  further. 

REAGENTS 


ammonium  cobalt  thiocyanate  solution.  Dissolve  174  grams  of  am¬ 
monium  thiocyanate  and  2.8  grams  of  cobalt  nitrate  hexahydrate  in  water,  and 
dilute  to  1  liter. 

hydrochloric  acid-nitric  acid  mixture.  Dilute  a  mixture  of  25  ml  of 

concentrated  hydrochloric  acid  and  5  ml  of  concentrated  nitric  acid  to  100  ml  with 
water. 

Nitroso-R  salt  solution,  0.05%  w/v,  aqueous. 

Sodium  acetate  solution,  50%  w/v,  aqueous. 

PROCEDURE 


Measure  approximately  5  ml  of  the  thiocyanate  solution  into  a  stop- 
pered  25-ml  cylinder.  If  the  surfactant  is  soluble  in  benzene,  add  Tn 

wr  ;;  rT  S°.lutl0n  c°n,ainin8  about  0  5  mg;  if  the  surfactant  is 
Thom  in  A  m°re  than  0  5  ml  of  its  aque°us  solution.  Dilute  to 

and  allow  Tie?  ^"Zene’  *he  Cyli"der  vig°rous'y  for  2  minutes, 
fnto  a  ^nn  ,  k°  3yerS  $eparate  c°mpletely.  Blow  the  benzene  laye^ 
ml  beaker,  and  add  a  further  5  to  10  ml  of  benzene  to 

separate  anT'  '"T,*  the.  cylinder  a  few  times,  allow  the  layers  to 
separate,  and  again  blow  the  benzene  layer  into  the  beaker.  ^ 

10  p  °B  Br"  a"d  T'  J  HayeS’  Ana'ysl-  8<k  755  (1955). 

'  Interscien.,  N 3"*  ^  W"^ 
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Table  9.  Sensitivity  and  Reproducibility  of  Results 

Optical-density  measurements  were  made  in  4-cm  cells  at  500  m//;  the  final 

volume  of  solution  was  10  ml 


Surfactant 

Amount  of 
Surfactant 
Present,  mg. 

Optical  Density  Found 

Optical  Density 
Per  Unit 
Concentration 

r  i 

0.278,  0.280,  0.272  (mean  0.277) 

2.77 

2 

0.535,  0.540,  0.536  (mean  0.536) 

2.68 

A 

3 

0.805,  0.825,  0.800  (mean  0.810) 

2.70 

4 

1.13,  1.10,  1.10  (mean  1.1 1) 

2.78 

t  5 

1.46,  1.39,  1.44  (mean  1.43) 

2.81 

0.1 

0.158,  0.147,  0.159  (mean  0.155) 

15.5 

0.2 

0.314,  0.320,  0.322  (mean  0.318) 

15.8 

B 

- 

0.3 

0.462,  0.470,  0.460  (mean  0.464) 

15.5 

0.4 

0.642,  0.634,  0.630  (mean  0.635) 

15.9 

0.5 

0.795,  0.800,  0.804  (mean  0.800) 

16.0 

Cover  the  beaker  with  a  watch  glass,  cautiously  evaporate  its  contents 
to  dryness,  and  add  5  ml  of  water  and  0.5  ml  of  the  acid  mixture.  Add 
exactly  1  ml  of  nitroso-R  salt  solution  and  then  2  ml  of  sodium  acetate 
solution,  cover  the  beaker  with  the  watch  glass,  and  boil  for  1  minute. 
Add  1  ml  of  concentrated  nitric  acid,  replace  the  watch  glass,  and  boil  for 
another  minute.  Allow  the  beaker  to  cool  in  the  dark,  transfer  its  contents 
quantitatively  to  a  10-ml  calibrated  flask,  and  dilute  to  the  mark  with 
water.  Measure  the  optical  density  of  this  solution  at  500  nm  against  a 
reagent  blank  solution  prepared  from  5  ml  of  water,  0.5  ml  of  the  acid 
mixture,  and  so  on.  Calculate  the  concentration  of  nonionic  surfactant 
present  from  a  calibration  graph  plotted  from  results  for  the  particular 
surfactant  being  determined. 


RESULTS 

Table  9  shows  that,  for  two  typical  polyethylene  oxide)  surfactants,  the 
optical  density  per  unit  concentration  of  surfactant  was  independent  o 
concentration,  but  that  the  sensitivity  of  the  reaction  (i.e.  the  weight  o 
cobalt  complexed  by  unit  weight  of  detergent)  was  about  6  times  greater 
for  one  than  for  the  other.  For  this  reason,  it  is  necessary  to  identify  the 
particular  nonionic  surfactant  before  plotting  the  calibration  graph. 
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Measurements  of  the  reagent  blank  solution  against  water  indicated 
that  the  blank  value  was  about  16  times  greater  at  the  wavelength  of 
maximum  absorption  of  the  cobalt  complex,  namely,  425  nm,  than  it  was 
at  500  nm  (0.550  vs.  0.035  unit  of  optical  density).  For  this  reason, 
measurements  were  made  at  500  nm,  even  although  the  extinction  coeffi¬ 
cient  of  the  cobalt  complex  at  this  wavelength  is  only  about  two-thirds  of 
its  value  at  425  nm. 


5 


Epoxide  Groups  (Oxirane  Oxygen) 

RC - CR, 

\  / 

O 


Hydrochlorination  Methods 

The  principle  used  for  the  bulk  of  the  determinations  of  epoxide  groups  is 
hydrochlorination  forming  the 

RC - CRj  +  HC1  ->  RC— CRi 

\  /  II 

O  OH  Cl 

corresponding  chlorohydrin.  The  reaction  can  be  run  in  various 
solvents — water,  alcohol,  Cellosolve,  ethyl  ether,  dioxane,  pyridine,  and 
pyridine-chloroform.  Jungnickel,  Peters,  Polgar,  and  Weiss  in  the  study 
shown  made  an  evaluation  of  the  various  systems.  The  references  to  the 
original  methods  are  contained  in  Table  1. 


Study  of  J.  L.  Jungnickel,  E.  D.  Peters,  A.  Polgar,  and  F.  T.  Weiss 

[ Organic  Analysis,  Vol.  1,  Wiley -Interscience,  New  York,  pp.  133—49  ] 

AQUEOUS  MAGNESIUM  CHLORIDE  HYDROCHLORINATION 

The  hydrochlorination  reagent  is  a  saturated  magnesium  chloride  solu¬ 
tion,  which  is  0.1N  in  hydrochloric  acid.  It  is  prepared  by  shaking 
1000  grams  of  CP  magnesium  chloride  hexahydrate  with  300  ml  of  distil- 
led  water  and  adding  8.0  ml  of  concentrated  hydrochloric  acid.  The 
mixture  is  shaken  at  room  temperature  until  saturated  and  allowed  to 
settle  for  at  least  2  hours.  At  the  end  of  this  time,  the  supernatant  liquid 
is  decanted  through  glass  wool  and  stored  in  a  glass-stoppered  bottle. 
Then  50  ini  of  the  aqueous  hydrochlorination  reagent  ls  P'Pe 
250  ml  slass-stoppered  flask.  Because  of  the  viscosity  ot  the  reagen  , 
consistent  drainage  period  should  be  maintained.  A  weighed  amount  of 

*  Reprinted  in  part  with  permission.  Abridged  by  the  authors  of  this  text. 
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sample  containing  from  0.001  to  0.002  equivalent  of  a -epoxide  is  added, 
and  the  flask  is  shaken  and  allowed  to  stand  15  to  30  minutes.  The 
stopper  and  neck  of  the  flask  are  rinsed  with  not  more  than  20  ml  of 
distilled  water.  Several  drops  of  a  0.1%  methyl  orange  indicator  solution 
are  added,  and  the  mixture  is  titrated  with  standard  0.1N  aqueous  sodium 
hydroxide  solution. 


ALCOHOLIC  MAGNESIUM  CHLORIDE  HYDROCHLORINATION 

The  hydrochlorination  reagent  is  a  0.5 N  hydrochloric  acid  solution  in 
ethanol  that  is  saturated  with  magnesium  chloride.  The  reagent  is  pre¬ 
pared  by  mixing  45  ml  of  concentrated  hydrochloric  acid  with  1  liter  of 
95%  ethanol;  50  ml  of  this  solution  is  pipetted  into  a  500-ml  glass- 
stoppered  flask  containing  40  grams  of  magnesium  chloride  hexahydrate, 
and  the  mixture  is  shaken  to  obtain  a  solution  saturated  with  salt.  A 
sample  containing  from  0.010  to  0.015  equivalent  of  a-epoxide  is 
weighed  into  the  flask,  which  is  stoppered,  swirled  to  mix  the  contents, 
and  allowed  to  stand  at  room  temperature  for  30  minutes.  After  the 
addition  of  100  ml  of  distilled  water  and  a  few  drops  of  bromocresol 
green  indicator  solution,  the  contents  of  the  flask  are  titrated  with 
standard  0.5 N  aqueous  sodium  hydroxide  solution  to  the  blue-green  end 
point. 

HYDROCHLORIC  ACID-CELLOSOLVE 

The  hydrochlorination  reagent  0.2 N  hydrochloric  acid  in  Cellosolve,  is 
prepared  by  adding  1.6  ml  of  concentrated  hydrochloric  acid  per  100  ml 
of  commerical  Cellosolve  (ethylene  glycol  monoethyl  ether).  A  sample 
containing  0.001  to  0.002  equivalent  of  o-epoxide  is  dissolved  in  25  ml  of 
Cellosolve  in  a  pressure  bottle.  Next  25  ml  of  the  hydrochlorination 
reagent  is  pipetted  into  the  bottle,  which  is  then  stoppered  and  heated 
(with  occasional  swirling)  in  an  oven  for  4  hours  at  65°C.  After  cooling 
the  bottle  to  room  temperature,  50  ml  of  methylisobutyl  ketone  and 
100  ml  of  distilled  water  are  added,  and  the  bottle  is  restoppered  and 
shaken  vigorously.  The  contents  are  then  titrated  with  standard  0.1  N 
aqueous  sodium  hydroxide  solution  to  the  bromothymol  blue  end  point. 

HYDROCHLORIC  ACID-ETHYL  ETHER 

The  hydrochlorination  reagent  is  prepared  by  passing  anhydrous  hy¬ 
drogen  chloride  into  absolute  ethyl  ether  until  an  approximately  0.2 /V 
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solution  is  obtained.  A  sample  containing  not  more  than  0.002  equivalent 
of  a-epoxide  is  weighed  into  a  glass-stoppered  flask.  The  sides  of  the 
flask  are  washed  down  with  5  ml  of  absolute  ethyl  ether  and  25  ml  of  the 
hydrochlorination  reagent  is  pipetted  into  the  flask,  which  is  stoppered, 
mixed,  and  allowed  to  stand  for  3  hours  at  room  temperature.  A  few 
drops  of  phenolphthalein  indicator  solution  and  50  ml  of  95%  ethanol  are 
added,  and  the  contents  of  the  flask  titrated  with  standard  0.1N  aqueous 
sodium  hydroxide  solution. 


HYDROCHLORIC  ACID-DIOXANE 


The  hydrochlorination  reagent  is  a  solution  of  hydrochloric  acid  in 
dioxane,  having  a  strength  of  approximately  0.2N.  It  is  prepared  by 
pipetting  exactly  1.6  ml  of  concentrated  hydrochloric  acid  into  100  ml  of 
purified  dioxane  contained  in  a  dark  bottle  equipped  with  a  screw  cap 
lined  with  Teflon.  The  reagent  is  mixed  thoroughly  and  inspected  for 
homogeneity,  since  an  excessive  water  content  in  the  dioxane  makes 
solution  incomplete.  The  hydrochlorination  reagent  is  prepared  only  for 
immediate  use  because  it  deteriorates  on  standing. 

The  dioxane,  used  for  preparation  of  the  hydrochlorination  reagent,  is 

freed  of  active  impurities  by  refluxing  the  technical  material  with  3%  of 

its  weight  of  potassium  hydroxide  pellets  for  3  hours  while  a  slow  stream 

of  nitrogen  is  bubbled  through  the  liquid.  At  the  end  of  this  time,  the 

mixture  is  flash-distilled  without  a  fractionating  column.  The  portion  of 

the  distillate  boiling  below  98°C  is  discarded  and  the  remainder,  up  to 

75  /o  of  the  charge,  is  collected  in  a  can  or  dark  bottle  under  nitrogen. 

Addition  of  an  inhibitor,  such  as  Ionol  (a  trisubstituted  phenol  available 

irom  Shell  Chemical  Corp.)  in  concentration  of  0.1%,  helps  stabilize  the 

solvent.  The  nitrogen  atmosphere  is  replenished  each  time  the  container 

is  opened.  Dioxane  prepared  and  stored  in  this  manner  usable  for  at  least 
3  months. 


Neutralized  ethanol,  used  in  the  titration  mixture,  is  prepared  by 

inn"1^  1tmJ  creso1  red  indicator  solution  (0.1  gram  of  sodium  salt  in 
ml  of  50  /o  ethanol)  to  100  ml  of  denatured,  anhydrous  3A  alcohol 
and  neutralizing  to  the  first  violet  color  of  the  end  point  with  0.1N 
methanohc  sodium  hydroxide  solution. 

A  weighed  quantity  of  sample  containing  from  0.002  to  0.004  equival- 
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containing  cresol  red,  is  added  from  a  graduated  cylinder,  and  the  excess 
acid  is  titrated  with  standard  methanolic  0.1N  sodium  hydroxide  solution 
to  the  first  violet  color  of  the  end  point. 

The  cresol  red  indicator,  in  the  alcoholic-dioxane  solution,  changes 
from  pink  to  yellow  slightly  short  of  the  change  from  yellow  to  violet, 
which  is  chosen  as  the  end  point. 

With  materials  such  as  some  resins,  which  are  difficult  to  dissolve,  a 
maximum  of  5  grams  of  sample  is  dissolved  in  25  ml  of  purified  dioxane 
by  heating  to  40°C.  The  solution  is  cooled  to  room  temperature  prior  to 
addition  of  hydrochlorination  reagent. 


PYRIDINIUM  CHLORIDE-PYRIDINE 

The  hydrochlorination  reagent,  a  0.2 N  solution  of  hydrochloric  acid  in 
pyridine,  is  prepared  by  cautiously  pipetting  17  ml  of  CP  concentrated 
hydrochloric  acid  into  1  liter  of  CP  pyridine  and  mixing  thoroughly.  Then 
25  ml  of  the  pyridine  hydrochlorination  reagent  is  pipetted  into  a  250-ml 
flask,  equipped  with  a  standard  taper  joint.  A  weighed  amount  of  sample, 
containing  from  0.002  to  0.003  equivalent  of  a-epoxide,  is  added  and 
dissolved  by  heating  the  mixture  at  about  40°C.  After  dissolution  is 
complete,  the  mixture  is  refluxed,  under  a  condenser,  on  a  hot  plate  for 
20  minutes.  The  flask  and  contents  are  cooled,  6  ml  of  distilled  water  is 
added,  together  with  0.2  ml  of  phenolphthalein  indicator  solution,  and  the 
titration  is  made  with  standard  0.1N  methanolic  sodium  hydroxide  solu¬ 
tion  to  a  definite  pink  color. 


PYRIDINIUM  CHLORIDE-CHLOROFORM 

The  hydrochlorination  reagent  is  a  IN  solution  of  pyridinium  chloride 
in  chloroform  and  is  preapred,  in  1-liter  quantities,  by  adding  exactly  75 
grams  of  CP  anhydrous  pyridine  and  approximately  400  ml  of  chloroform 
to  a  2-liter  cylinder.  The  cylinder  is  weighed,  cooled  in  an  ice  water  bath, 
and  dry  hydrogen  chloride  bubbled  into  it  slowly.  At  intervals  of  several 
minutes,  the  hydrogen  chloride  flow  is  stopped,  the  cylinder  removed 
from  the  bath,  wiped  dry,  and  weighed  to  establish  the  rate  of  flow  o  t  e 
hydrogen  chloride.  When  approximately  35  grams  has  been  introduced, 
the  flow  is  stopped,  the  mixture  is  warmed  to  room  temperature  and  t  e 
vapors  are  expelled  with  a  stream  of  dry  air.  A  10-ml  aliquot,  added  to  a 
small  volume  of  water,  is  titrated  with  standard  0.5 N  methanol, c  sodium 
hydroxide  solution  to  the  phenolphthalein  end  point.  From  this  trtrat.on 
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the  weight  of  pyridine  necessary  to  produce  a  5%  excess  is  calculated. 
This  amount  of  pyridine  is  added,  and  the  solution  is  diluted  with 

chloroform  to  a  strength  of  approximately  IN. 

To  verify  that  the  reagent  has  been  properly  prepared,  two  25-ml 
portions  of  the  reagent  are  titrated  with  0.5 N  methanolic  sodium  hydrox¬ 
ide,  one  portion  having  been  boiled  gently  in  a  hood  for  15  minutes.  The 
two  titrations  should  agree  within  0.1  ml,  indicating  no  loss  of  acid  on 
boiling. 

A  weighed  quantity  of  sample  containing  from  0.010  to  0.015  equival¬ 
ent  of  a-epoxide  is  added  to  a  250-ml  flask  containing  a  pipetted  25-ml 
volume  of  IN  hydrochlorination  reagent.  The  mixture  is  boiled  on  a  hot 
plate,  under  a  reflux  condenser,  for  30  minutes.  The  flask  is  cooled  to 
room  temperature  and  diluted  with  10  ml  of  distilled  water.  Phenol- 
phthalein  indicator  solution  is  added  and  the  mixture  is  titrated  with 
standard  0.5N  methanolic  sodium  hydroxide  solution  to  a  definite  pink 
color. 

For  analysis  of  Epon  resins  and  other  a -epoxy  compounds  of  relatively 
low  epoxide  content,  the  use  of  more  dilute  hydrochlorination  reagent  is 
advantageous.  In  this  determination  the  reagent  is  diluted  to  0.2 N  with 
chloroform;  to  25  ml  of  the  dilute  reagent,  a  sample  containing  from 
0.002  to  0.003  equivalent  of  a-epoxide  is  added,  and  the  mixture  is 
refluxed  for  2  hours.  The  titration  is  made  in  the  same  manner  as 
previously,  but  using  standard  0.1N  methanolic  sodium  hydroxide  solution. 

Comparison  of  Hydrochlorination  Methods 

✓ 

The  hydrochlorination  methods  described  in  the  previous  sections  were 
evaluated  in  laboratories  of  Jungnickel  et  al.  (3).  A  number  of  typical 
a -epoxides  of  best  obtainable  purity  were  analyzed  by  the  several  proce¬ 
dures.  The  characteristics  considered  to  be  most  important  were:  (1) 
applicability  to  a  variety  of  typical  a -epoxides,  (2)  precision  and  accu¬ 
racy,  (3)  degree  of  interference  from  various  substances,  and  (4)  operatins 
expediency.  These  aspects  of  the  methods  tested  are  discussed. 

APPLICABILITY  TO  VARIOUS  a-EPOXIDES 


as  ethylene  oxide,  propylene  oxide,  and  glycidol  are  readily 
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soluble  in  the  aqueous  salt  solution,  although  less  soluble  a -epoxides  may 
dissolve  slowly  and  consequently  may  react,  but  at  a  somewhat  slower 
rate.  The  alcoholic  magnesium  chloride-hydrochlorination  method  is 
more  general,  in  that  many  higher  a  -epoxides,  such  as  glycidyl  ethers  and 
epichlorohydrin,  are  soluble  in  the  reagent.  High  molecular  weight 
polyepoxides  such  as  the  more  highly  polymerized  (solid)  Epon  resins, 
however,  are  not  soluble  in  the  alcoholic  medium;  consequently  the 
method  is  not  practical  for  such  materials.  The  hydrochloric  acid-ethyl 
ether  reagent  also  is  a  good  solvent  for  many  a-epoxides  but  is  not 
satisfactory  for  Epon  resins.  The  hydrochloric  acid-Cellosolve  reagent  is  a 
fairly  good  solvent  for  Epon  resins,  but  most  samples  go  into  solution 
rather  slowly,  requiring  heating  and  mixing  over  a  considerable  length  of 
time.  Pyridine,  chloroform,  and  dioxane  are  all  good  solvents  for  a- 
epoxides,  including  Epon  resins,  and  the  reagents  prepared  using  these 
solvents  have  been  found  to  dissolve  nearly  all  types  of  samples  tested. 

Another  factor  in  the  applicability  of  a  method  depends  on  the  extent 
to  which  undesirable  side  reactions  occur.  In  these  hydrochlorination 
methods,  any  reaction  of  the  a: -epoxide  is  undesirable  if  it  does  not  result 
in  the  net  consumption  of  one  mole  of  acid  per  equivalent  of  a -epoxy 
group.  For  example,  under  certain  conditions  some  a-epoxides  tend  to 
isomerize  to  the  corresponding  carbonyl  compounds,  and  some  a- 
epoxides  or  their  chlorohydrins  are  susceptible  to  hydrolysis  or  al¬ 
coholysis.  These  reactions  offer  competition  for  the  a -epoxide  against  the 
desired  hydrochlorination  reaction  and  give  low  recoveries. 

Examination  of  comparative  results  obtained  on  a  number  of  typical 
a-epoxides,  given  in  Tables  2  and  3,  showed  the  following: 


1.  Ethylene  and  propylene  oxides  reacted  essentially  quantitatively 
with  several  reagents.  Recoveries  by  the  alcoholic  magnesium  chloride- 
hydrochlorination  method,  however,  were  approximately  2%  low,  possi¬ 
bly  because  of  hydrolysis  or  alcoholysis.  The  slightly  low  results  obtained 
on  ethylene  oxide  by  the  hydrochloric  acid-ethyl  ether  method  were 
probably  due,  at  least  in  part,  to  loss  from  evaporation  during  the  long 

reaction  period.  .  .  ,  .  n  .■  ^ . 

2.  Epichlorohydrin  reacted  essentially  quantitatively  in  all  the  methods 

except  the  hydrochloric  acid-ethyl  ether  and  the  aqueous  magnesium 
chloride-hydrochlorination  methods.  Low  recovery  appeared  to  be  the 

result  of  incomplete  reaction  by  the  former  method,  and  the  resu  t  of 

limited  solubility  by  the  latter  method.  There  was  some  evidence  that  t 

hydrochloric  acid-dioxane  method  yielded  values  for  epichlorohydrin  hat 

were  slightly  closer  to  theoretical  than  the  two  pyridmium  chlonde 

methods1 2 * * * * * 8 and  it  was  evident  that  the  alcohol  magnesium  chlonde  hydro 
chlorination  method  gave  slightly  low  recoveries. 


Table  2. 


Determination  of  Purified  c-Epoxides  by  Various  Methods  (each  reported  value 
is  the  mean  of  two  or  more  determinations) 


Apparent  Purity.  Wt.  %,  for  Following  Methods 


Aqueous 

Magnesium 

Chloride- 

Compound  Hydro- 

Determined  chlorination 


Reagent  strength 
Reaction  conditions 
Ethylene  oxide 
Propylene  oxide 
Isobutylene  oxide" 
Butadiene  monoxide 
Styrene  oxide 
Epichlorohydrin 
Glycidyl  allyl  ether 
Glvcidyl  isopropyl  ether 
Glycidyl  rer/-butyl  ether 
Glycidyl  diethyl- 
carbinyl  ether 
Glycidyl  phenyl  ether 
Glycidyl  o-cresyl  ether 
Glycidyl  p-chloro- 
phenyl ether 
Glycidyl  dichloro- 
phenyl ether 
Glycidyl  benzoate 


0.1  N 

15  min..  25°C 
98.9 

98.7 
ca.  30b 

83 

97.8 


Alcoholic 

Magnesium 

Chloride- 

Hydro¬ 

chlorination 


Hydro¬ 

chloric 

Acid- 

Ethvl  Ether 


Hydrochloric 

Acid- 

Dioxane 


Pyridinium 

Chloride- 

Pyridine 


Pyridinium 

Chloride- 

Chloroform 


0.5.V 

0.2  N 

0.2N 

min.,  25°C 

3  hrs..25°C 

15  min.,  25 

96.9 

97.8 

99.4 

96.4 

— 

99.2 

73 

98.0 

92.9 

86 

94.5 

95.1 

70 

88 

87 

98.3 

94.3 

99.3 

97.4 

100.5 

99.5 

97.8 

100.4 

99.5 

97.8 

99.4 

99.3 

1 N 

tin.,  r< 
98.9 

99.2 

91.3 
90 
93.1 

98.5 

99.5 
99.7 


99.5 


DV 

nin.,  re 
99. 2C 
99.8° 
98. 2C 
97. 6C 

96.9 

98.9 

99.7 

99.9 

98.7 

97.7 
99.4 

99.8 


99.6 


97.0 

99.1 


a  All  values  corrected  for  2.22  weight  per  cent  water  found  in  this  sample  by  means  of  Karl  Fischer  reagent. 
b  Rapidly  fading  endpoint. 

c  Reaction  conditions  were:  30  minutes  at  60°C  in  pressure  bottles. 


Table  3.  Determination  of  a-Epoxide  in  Epon  Resins  by  Various  Methods  (each  reported 

value  is  the  mean  of  two  determinations) 

a-Epoxy  Value  Found,  eq./ 1 00  g.,  for  Following  Methods : 


Resin 

Hydrochloric 

Acid- 

Cellosolve 

Hydrochloric 

Acid- 

Dioxane 

Pyridinium 

Chloride- 

Pyridine 

Pyridinium 

Chloride- 

Chloroform 

Reagent  strength 

0.2V 

0.2  V 

0.2V 

0.2V 

Reaction  conditions 

4  hrs.,  65°C 

15  min.,  25°C 

20  min.,  reflux 

2  hrs.,  reflux 

Epon  562a 

0.630 

0.646 

0.647 

0.649 

Epon  828 

0.476 

0.499 

0.501 

0.502 

Epon  834 

0.345 

0.363 

0.364 

0.364 

Epon  864 

0.258 

0.270 

0.269 

0.269 

Epon  1001 

0.178 

0.185 

0.186 

0.186 

Epon  1004 

0.100 

0.105 

0.106 

0.106 

Epon  1007 

0.0525 

0.0561 

0.0562 

0.0559 

Epon  1009 

0.0336 

0.0354 

0.0370h 

0.0346 

a  Condensate  of  glycerol  and  epichlorohydrin;  other  listed  products  are  bis- 
phenolepichlorohydrin  condensates. 

\  Heavy  precipitation  of  sample  during  the  titration  partially  obscured  the 
endpoint.  J 
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.  Glycidyl  ethers  reacted  to  essentially  the  same  extent  with  all 
reagents  tested  except  the  alcoholic  magnesium  chloride-hydro¬ 
chlorination  reagent,  which  gave  recoveries  that  were  1  to  2%  low.  With 

glycidyl  ethers  of  known  high  purity,  all  other  methods  tested  gave 
quantitative  recovery. 

4.  Isobutylene  oxide  and  butadiene  monoxide  gave  markedly  low 
recoveries  in  aqueous  and  aqueous-alcoholic  media  (the  two  magnesium 
chloride  methods).  Results  were  considerably  higher,  although  still  low,  in 
reaction  mixtures  containing  only  small  amounts  of  water  (the  hydro¬ 
chloric  acid-dioxane  and  pyridinium  chloride-pyridine  methods).  When 
essentially  anhydrous  reagents  were  employed  (the  hydrochloric  acid- 
ethyl  ether  and  pyridinium  chloride-chloroform  methods),  the  recoveries 
were  nearly  quantitative  for  isobutylene  oxide  by  both  methods  and  for 
butadiene  monoxide  by  the  chloroform  method.  The  water  content  of  the 
reaction  mixture,  therefore,  appeared  to  affect  the  recovery  of  these  two 
substances.  On  the  basis  of  this  evidence,  it  seemed  likely  that  these 
a -epoxides  are  readily  hydrated  or  that  their  chlorohydrins  are  readily 
hydrolyzed.  It  is  known  that  a  -epoxides  containing  a  tertiary  carbon  atom 
are  hydrated  much  more  rapidly  than  other  a -epoxides  (8). 

5.  With  styrene  oxide,  there  appeared  to  be  an  effect  somewhat 
different  from  that  observed  with  isobutylene  oxide  and  butadiene 
monoxide.  Recoveries  were  quite  low  when  essentially  “free”  hydro¬ 
chloric  acid  (the  reactive  agent  in  the  alcoholic  magnesium  chloride-hydro¬ 
chlorination,  hydrochloric  acid-ethyl  ether,  and  hydrochloric  acid- 
dioxane  methods)  was  present  in  the  reagent,  particularly  when  a  consid¬ 
erable  amount  of  water  was  also  present.  When  less  severe  reagents 
containing  the  hydrochloric  acid  as  the  pyridinium  salt  were  employed, 
however,  the  recoveries  were  much  higher.  The  pyridinium  chloride- 
chloroform  method  gave  values  that  were  nearly  theoretical  for  the  pure 
material.  These  results  seemed  to  indicate  that  styrene  oxide  is  an 
example  of  an  a-epoxide  which  undergoes  isomerization  to  a  carbonyl 
compound  quite  readily  in  the  presence  of  an  acid  catalyst.  This  conclu¬ 
sion  is  in  agreement  with  observations  reported  by  other  authors  (9,  10) 
showing  that  styrene  oxide  rearranges  in  acid  solution  to  give  an  aldehyde 
that  forms  the  usual  bisulfide  addition  product. 

6.  Dieldrin,  an  insecticide  produced  by  J.  Hyman  and  Company, 
Division  of  Shell  Chemical  Corp.,  is  a  condensed-ring  a -epoxide  with  the 

structure 


8.  A.  Eltekow,  Ber.,  16,  395  (1883). 

9.  A.  Klages,  Ber.,  38,  1969  (1905).  „  .  R  r 

10.  S.  Winstein  and  R.  B.  Henderson,  “Ethylene  and  Tnmethylene  Ox.des,  in  R.  C. 

Elderfield,  Heterocyclic  Compounds,  Vol.  I,  Wiley,  New  York,  1950,  pp. 
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CH  CC1 


CH 


O 


CH 


CH, 


CH 


CC1 


CCl, 


CH 


CCl 


CH  CCl 


This  material  gave  no  reaction  when  treated  according  to  the  hydrochloric 
acid-dioxane  method  or  the  pyridinium  chloride-chloroform  method. 
However  this  stable  epoxide  does  react  quantitatively  with  anhydrous 
hydrogen  bromide  in  dioxane. 

7.  Epon  resins  (see  Table  3)  were  found  to  give  very  nearly  the  same 
a -epoxy  values  when  analyzed  by  the  hydrochloric  acid-dioxane  method 
and  the  two  pyridinium  chloride  methods.  The  hydrochloric  acid- 
Cellosolve  method,  however,  yielded  values  that  were  approximately  3  to 
8%  low,  as  compared  to  the  other  three  methods,  apparently  because  of 
partial  reaction  of  the  a -epoxy  group  with  the  alcoholic  function  of  the 
Cellosolve  solvent.  Because  of  this  fundamental  deficiency  of  the  hy¬ 
drochloric  acid-Cellosolve  method,  no  further  work  was  done  with  the 
method.  The  magnesium  chloride-hydrochlorination  methods  and  the 
hydrochloric  acid-ethyl  ether  method  are  not  applicable  to  these  resin 
samples  because  of  the  limited  solvent  properties  of  these  reagents. 

8.  Aqueous  solutions  of  sparingly  soluble  a -epoxides  (epichlorohydrin 
and  glycidyl  ethers),  when  reacted  according  to  several  of  the  methods, 
gave  approximately  the  same  results  regardless  of  the  reagent  employed. 
The  pyridinium  chloride-chloroform  method,  however,  could  not  be  used 
for  aqueous  solutions  because  of  the  formation  of  two  liquid  phases,  and 
consequent  incomplete  reaction.  The  results  obtained  by  the  hydrochloric 
acid-dioxane  method  and  the  two  magnesium  chloride-hydrochlorination 
methods  were  slightly  lower  than  by  the  pyridinium  chloride-pyridine 
method,  probably  indicating  that  large  amounts  of  water  lower  the  re¬ 
coveries  to  a  small  extent. 

In  the  course  of  studying  the  application  of  methods  for  aqueous 
samples,  it  was  observed  that  aqueous  solutions  of  epichlorohydrin  and 
glycidyl  ethers  are  unstable.  The  a -epoxy  values  for  several  such  aqueous 
solutions  were  found  to  decrease  markedly  on  standing  for  a  few  days  at 
room  temperature.  Presumably,  hydration  of  the  a -epoxy  group  occurs 
even  in  neutral  solution.  For  this  reason,  samples  containing  substantial 
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amounts  of  water  should  be  analyzed  for  a-epoxide  as  soon  as  possible 
after  sampling. 


PRECISION  AND  ACCURACY 

The  only  available  means  for  determining  the  accuracy  of  the  methods 
tested  was  to  examine  the  values  obtained  for  the  purest  obtainable 
samples  of  various  a-epoxides.  The  recoveries  found  for  the  purified 
compounds  tested,  discussed  in  the  previous  section,  are  summarized  in 
Table  2. 

The  precision  of  the  methods  employing  the  described  procedures  was 
estimated  from  the  results  of  replicate  determinations  on  samples  of 
ethylene  oxide,  propylene  oxide,  epichlorohydrin,  glycidyl  ethers,  and 
Epon  resins.  Estimates  based  on  these  results  appear  in  Table  4. 


Table  4.  Estimated  Precision  of  Various  Hydrochlorination  Methods  for  a-Epoxide 

Determination 


Aqueous  Alcoholic 

Magnesium  Magnesium 

Estimated  Precision.  Chloride-  Chloride-  Hydrochloric  Hydrochloric  Pyridinium  Pyridinium 

%  of  Mean,  for  Hydrochlorina-  Hydrochlorina-  Acid-Ethyl  Acid-  Chloride-  Chloride- 

Samples  of:  tion  tion  Ether  Dioxane  Pyridine  Chloroform 


Ethylene  and  propylene 


oxides  ±0.8 

Epichlorohydrin  (a) 

Glycidyl  ethers  («) 

Epon  resins  (M 


±0.8 
±0.8 
±0.8 
( b ) 


±1 

±0.5 

±0.4 

±0.4 

±0.3 

±0.4 

±0.3 

±0.6 

±0.2 

±0.4 

±0.3 

( b ) 

±0.8 

±0.8 

±0.8 

a  Method  applicable  to  dilute  aqueous  solutions  of  these  compounds  only,  for  which  precision  is  approxi¬ 
mately  3  %. 

b  Method  not  applicable. 


INTERFERING  SUBSTANCES 

The  effects  of  various  materials  on  the  determination  of  a-epoxides 
have  been  studied  rather  extensively,  with  particular  emphasis  on  the 
hydrochloric  acid-dioxane  and  pyridinium  chloride-chloroform  methods 
A  general  summary  of  the  results  of  tests  for  interfering  materials  for  a 
the  methods  evaluated  is  given  in  Table  5  and  is  discussed  in  the 
following  sections. 


WATER 


The  presence  of  sufficient  water  (about  0.2  gram)  in  the  pyridinium 
chlodde-chloroform  method  to  produce  a  two-phase  system  gave  low 
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Table  5  Summary  of  Results  of  Tests  for  Interfering  Materials  in  the  x-Epoxy  Hydro¬ 
chlorination  Methods1 
(weights  of  substances  tested,  1-50  grams) 


Aqueous  Alcoholic 

Magnesium  Magnesium 

Chloride-  Chloride-  Hydrochloric 

Hydrochlorina-  Hydrochlorina-  Acid- 

Compound  tion  tion  Dioxane 


Hydrochloric  Pyridinium  Pyridinium 
Acid-Ethyl  Chloride-  Chloride- 
Ether  Pyridine  Chloroform 


Water 

N 

N 

Acetals 

S 

S 

Acids 

N 

N 

Alcohols 

C4  to  C4 

N 

N 

Above  C4 

N 

N 

Aldehydes 

Saturated 

S 

S 

a./?-Unsaturated 

L 

Lq 

Amines 

S 

S 

Chlorohvdrins 

N 

N 

/2-Epoxides 

— 

— 

Esters 

Nq 

Nq 

Ethers 

N 

N 

Hydrocarbons 

— 

— 

Ketones 

Saturated 

N 

N 

a./i-Unsaturated 

L 

Lq 

Nitriles 

N 

N 

Peroxides 

Hydrogen 

N 

N 

Alkyl 

N 

N 

Benzoyl 

L 

L 

Phenols 

— 

— 

a  N  =  no  interference. 

S  = 

slight  interference 

data  available. 


Nq 

— 

N 

Sq 

S 

S 

S 

S 

N 

N 

N 

N 

S 

_ 

S 

S 

N 

N 

N 

N 

S 

S 

S 

S 

L 

L 

L 

L 

Sq 

Sq 

Sq 

Sq 

N 

N 

N 

N 

L 

Nq 

Nq 

Nq 

Nq 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

L 

L 

L 

L 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Lq 

N 

— 

S 

large  interference. 

q  = 

qualified  (see  text). 

—  i 

a-epoxy  values  because  the  hydrochloric  acid  was  estracted  into  the 
aqueous  phase  almost  quantitatively,  whereas  the  a-epoxide  remained  in 
the  chloroform  phase.  Similar  results  might  be  expected  in  the  hydro¬ 
chloric  acid-ethyl  ether  method,  but  this  has  not  been  investigated. 

Water,  when  present  in  rather  large  amounts,  was  found  to  have  a 
small  effect  on  recovery  of  a-epoxides  by  the  hydrochloric  acid-dioxane 


method.  In  the  preparation  of  the  hydrochloric  acid— dioxane  reagent, 
care  must  be  taken  to  avoid  the  presence  of  too  much  water  or  too  much 
aqueous  hydrochloric  acid  because  of  an  unusual  salting-out  effect  of 
hydrohalogen  acids  (11),  resulting  in  a  phase  separation  in  the  reagent. 
When  more  than  0.5  gram  of  water  was  added  to  the  reagent-sample 
mixture  (in  addition  to  the  small  amount  of  water  normally  present  in  the 
reagent),  the  recoveries  of  a-epoxides  tended  to  be  somewhat  low.  The 
extent  of  lowering  of  recovery,  however,  was  generally  rather  minor 
(usually  1-2%),  unless  very  large  amounts  of  water  (more  than  2  grams) 
were  added.  It  is  probable,  however,  that  the  recovery  of  substances  that 
characteristically  give  low  values  in  partially  aqueous  reagents  (e.g. 
isobutylene  oxide  and  butadiene  monoxide)  would  be  lowered  further 

more  ban  oT"*8  °ffWa,er  preSent'  Nevertheless<  the  presence  of 

n  w  t  r  k  ?T  W3ter  m  3  Samp'e  taken  for  ana'Vsis  by  the 

1 1.  W.  T.  Grubb  and  R.  C.  Osthofl,  J.  Am.  Chem.  Soc.,  74,  2108  (1952). 


316 


Quantitative  Organic  Analysis 


hydrochloric  acid-dioxane  method  usually  is  a  relatively  uncommon  oc¬ 
currence,  except  for  aqueous  mixtures  of  ethylene  oxide  or  propylene 
oxide  or  for  dilute  aqueous  solutions  of  higher  a-epoxides,  all  of  which 
can  be  analyzed  by  the  aqueous  magnesium  chloride-hydrochlorination 
method  or  by  other  aqueous  chemical  methods. 

It  was  considered  advisable  to  test  briefly  an  essentially  anhydrous 
hydrochloric  acid— dioxane  reagent,  particularly  because  the  low  results 
obtained  for  isobutylene  oxide,  butadiene  monoxide,  and  styrene  oxide 
might  be  explained  by  hydrolysis  of  the  a -epoxy  group  or  of  the 
chlorohydrin.  However  it  was  found  that  the  extent  of  reaction  at  15 
minutes  became  lower  as  more  anhydrous  conditions  were  maintained 

(3) .  These  results  are  not  surprising  in  view  of  the  fact  that  Swern  et  al. 

(4) ,  using  a  reagent  consisting  of  anhydrous  hydrogen  chloride  in  ethyl 
ether,  found  it  necessary  to  allow  reaction  periods  of  2  to  3  hours  for 
various  a-epoxides,  whereas  King  (5)  and  the  results  obtained  in  the 
laboratories  of  Jungnickel  et  al.,  with  aqueous  hydrochloric  acid  in 
dioxane,  showed  complete  reaction  in  5  or  10  minutes.  The  explanation 
for  the  requirement  of  a  certain  amount  of  water  in  the  reaction  mixture 
may  possibly  lie  in  the  necessity  for  dissociation  of  the  ether-hydrochloric 
acid  complex  before  hydrochlorination  of  the  a -epoxy  group  can  occur. 

The  presence  of  water  has  no  appreciable  effect  on  the  determination 
of  a-epoxides  by  the  pyridinium  chloride-pyridine  method.  Also,  it  has 
very  little  effect  on  the  two  magnesium  chloride-hydrochlorination 
methods,  except  perhaps  when  present  in  very  large  amounts. 


ORGANIC  COMPOUNDS 

A  larger  number  of  classes  of  organic  compounds  were  found  to  cause 
no  interference  in  the  a: -epoxy  methods:  acids,  higher  alcohols,  amines, 
higher  esters,  ethers,  hydrocarbons,  saturated  ketones,  and  nitriles  were 
generally  found  to  be  without  effect  on  the  methods.  Water-insoluble 
materials  can  be  expected  to  lower  the  results  by  the  aqueous  magnesium 
chloride-hydrochlorination  method  for  epoxy  derivatives  that  are  not 
easily  extracted  into  water.  The  presence  of  more  than  4  or  5  grams  of  Q 
to  C4  alcohols  tended  to  lower  the  results  by  several  of  the  methods, 
presumably  because  of  partial  alcoholation  of  the  a-epoxy  ring.  This 
effect  was  small  with  higher  alcohols.  Saturated  aldehydes  and  the  corres¬ 
ponding  acetals  offered  slight  and  somewhat  erratic  interference  in  the 
methods,  a, -Unsaturated  aldehydes  and  ketones,  such  as  acrolein, 
methacrolein,  crotonaldehyde,  and  mesityl  oxide,  appeared  to  interfere  m 
all  methods  tested  by  consuming  acid.  But  a  modification  ot  the  alcoho  ic 
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magnesium  chloride-hydrochlorination  method  was  found  to  give  good 
results  for  several  epoxides  in  the  presence  of  a, /3 -unsaturated  aldehydes. 
The  procedure  was  modified  by  reducing  the  reaction  temperature  to  0  C 
and  limiting  the  reaction  time  to  specified  times  of  1,2,  3,  or  5  minutes,  a 
plot  of  apparent  a-epoxide  values  against  reaction  time,  when  extrapo¬ 
lated  to  zero  time,  was  found  to  yield  an  accurate  value.  It  is  likely  that 
the  aqueous  magnesium  chloride-hydrochlorination  method  can  be  simi¬ 
larly  modified  by  reducing  the  temperature  and  reaction  time  and  using 
the  extrapolation  technique  described  earlier.  It  was  found  that  the  extent 
of  interference  by  unsaturated  carbonyl  compounds  in  the  hydrochloric 
acid-dioxane  method  could  be  reduced,  but  not  eliminated,  by  such 
chilling  and  shortening  of  reaction  time. 

Large  amounts  of  strong  amines,  such  as  the  alkyl  amines,  interfere  in 
all  methods  except  those  using-magnesium  chloride  reagent,  because  the 
indicators  used  in  the  other  methods  do  not  allow  a  quantitative  correc¬ 
tion  to  be  made.  It  is  possible  that  indicators  changing  in  the  pH  range  of 
3  to  5,  or  potentiometric  titration,  might  allow  the  use  of  any  of  the 
methods  with  samples  containing  large  amounts  of  stronger  amines.  With 
smaller  amounts  of  strong  amines,  the  hydrochloric  acid-dioxane  method 
was  found  to  give  results  of  approximate  accuracy,  provided  50  ml  of 
water  in  place  of  the  25  ml  of  ethyl  alcohol  was  added  to  the  reaction 
mixture  prior  to  titration.  Aliphatic,  aromatic,  and  cyclic  ethers  (except 
1,3-oxides)  did  not  interfere  in  any  of  the  nonaqueous  methods.  1,3- 


Oxides  (/3 -epoxides)  are  partially  hydrochlorinated  by  the  hydrochloric 
acid-dioxane  method;  a  sample  of  2-allyloxy-l, 3-propylene  oxide  gave 
approximately  56%  reaction  in  15  minutes  at  room  temperature.  No  tests 
for  interference  by  /3-epoxides  have  been  made  for  other  hydro¬ 
chlorination  methods.  Because  /3-epoxides  are  seldom  encountered  (10), 
this  source  of  interference  usually  can  be  disregarded. 

Hydrogen  and  alkyl  peroxides  did  not  interfere  in  any  of  the  several 
methods  tested.  Benzoyl  peroxide  interfered  in  the  hydrochloric  acid- 
dioxane  method  and  the  magnesium  chloride-hydrochlorination  methods 
however,  presumably  through  hydrolysis  to  produce  benzoic  and  perben- 
zoic  acids-  The  effect  of  benzoyl  peroxide  in  the  pyridinium  methods  was 
not  determined.  It  is  significant,  however,  that  Swern  et  al.  (4)  found  that 
benzoyl  peroxide  did  not  interfere  at  all  in  the  determination  of  «- 
epoxides  by  means  of  anhydrous  hydrogen  chloride  in  ethyl  ether  (3 
h°UrS  ,at  r°0m  temPerature)  even  though  the  titration  of  excess  hydrogen 
chlonde  was  performed  using  aqueous  sodium  hydroxide  solution  Thus 
he  hydrolysis  of  benzoyl  peroxide  possibly  can  be  avoided  by  reducing 
the  temperature  of  the  reaction  mixture  and/or  maintaining  more  nearly 
anhydrous  cond.t.ons  during  the  reaction  period.  ?  y 


318 


Quantitative  Organic  Analysis 


Phenol  interfered  in  the  pyridinium  chloride-chloroform  method  by 
causing  poor  end  points  and  low  recoveries  of  epichlorohydrin;  but 
xylenol  did  not  show  these  effects. 

Organic  acids  did  not  interfere  in  any  of  the  several  methods  tested.  It 
is  necessary,  however,  to  make  a  separate  determination  of  the  acid 
content  and  to  apply  the  appropriate  correction  in  the  determination  of 
a -epoxide.  When  the  acid  content  is  high,  relative  to  the  a -epoxide 
content,  the  precision  and  accuracy  of  the  a -epoxy  determination  are,  of 
course,  lowered. 

Formate  and  acetate  esters  are  partially  hydrolyzed  to  produce  organic 
acids  when  treated  with  reagents  containing  water,  as  in  the  magnesium 
chloride  methods,  the  pyridinium  chloride-pyridine  method,  and  the 


hydrochloric  acid-dioxane  method.  The  extent  of  hydrolysis  is  greatly 
decreased  by  use  of  nearly  anhydrous  reagents  such  as  hydrogen  chloride 
in  ethyl  ether  and  pyridinium  chloride  in  chloroform,  but  is  largely 
dependent  on  the  quantity  of  water  present  during  the  reaction  period. 
The  extent  of  interference  by  reactive  esters  probably  can  be  decreased  in 
the  hydrochloric  acid-dioxane  method  and  the  two  magnesium  chloride- 
hydrochlorination  methods  by  reducing  the  temperature  and/or  the  reac¬ 
tion  time.  Another  possible  means  for  avoiding  the  interference  of 
reactive  esters  is  suggested:  instead  of  determining  the  unconsumed 
hydrochloric  acid  by  acidimetric  titration,  the  chloride  ion  remaining 
might  be  determined  by  the  Volhard  method  or  some  other  argentimetnc 
procedure.  Less  readily  hydrolyzed  esters,  such  as  ethyl  isovalerate, 
dimethyl  malonate,  butyl  stearate,  ethyl  oleate,  and  benzyl  benzoate, 
were  found  to  give  no  interference  in  the  acidimetric  hydrochloric  aad- 
dioxane  and  pyridinium  chloride-chloroform  methods.  The  apphcabili  y 
of  one  of  the  preferred  methods  (hydrochloric  acid-dioxane)  to  a  complex 
mixture  is  demonstrated  by  data  in  Table  6. 


OPERATING  EXPEDIENCY 

The  hydrochlorination  methods  are  all  relatively  simple  in  operation 
hu  are  not  equally  rapid.  One  of  the  most  time-consuming  .s  the 
hydrochloric  acid-ethyl  ether  method,  which  requires  a  3-hour  reac 
period  the  remainder  of  the  methods  tested  employ  reaction  periods 
periou,  uic  rni ni.tp<x  except  the  pyridinium  chloride- 

ranging  from  15  to  .  ’  .  for  resins  The  need  for  reflux 

operation  and  maintenance  drochloric  acid-ethyl  ether  and  the 

SSnSrST-chiorolorn,  method,,  »»«  cylinder  hydros 
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Table  6.  Analysis  of  Partially  Epoxidized  Olive  Oil  for  a-Epoxide  and  Other  Functional 

Groups  to  Obtain  Oxygen  Balance 


Analysis 

Method  (Ref.) 

Value  Found, 
eq./lOO  g. 

Oxygen,0 
wt.  % 

Acidity 

Phenolphthalein 

0.0088 

0.28 

Ester  value 

Saponification  (12) 

0.363 

1 1 .62 

Hydroxyl  value 

LiAlH4  (13) 

0.096 

1.53 

Carbonyl  value 

NH2OH-Fischer  (14) 

0.0470 

0.75 

Peroxide  value 

Nal  (15) 

0.0043 

0.07 

Water 

Fischer  reagent  (16) 

0.0053 

0.09 

a-Epoxy  value 

HCl-dioxane 

0.1372 

2.20 

Oxygen 

Sum  of  the  above 

— 

16.54 

Oxygen 

Direct  determination  (17) 

— 

16.68 

Recovery  of  total  oxygen  content 

99.2% 

“Calculated  from  analyses,  assuming  16  grams  of  oxygen  per  equivalent  of 
hydroxyl,  carbonyl,  peroxide,  water,  and  a-epoxide,  and  32  grams  of  oxygen  per 
equivalent  of  acid  and  ester. 


chloride  is  required.  Especially  time-consuming  is  the  need  for  the  close 
equivalence  of  hydrogen  chloride  and  pyridine  in  the  latter  method.  The 
methods  most  rapidly  and  easily  applied  are  the  two  magnesium  chloride 
methods,  the  hydrochloric  acid-dioxane  method,  and  the  pyridinium 
chloride-pyridine  method. 


DIRECT  TITRATION  OF  EPOXY  COMPOUNDS  INVOLVING  OTHER 
HALIDE  REAGENTS 


Durbetaki  (18)  described  a  direct  titration  of  epoxy  compounds  with 
hydrogen  bromide  in  acetic  acid  to  a  crystal  violet  end  point.  This  method 
was  adopted  as  standard  by  both  ASTM  (D-1652-67)  and  ADCS  (Cd 
9-57).  It  gives  good  results  if  particular  attention  is  given  to  protecting  the 

reagent  in  a  closed  system  during  storage  and  use  and  if  the  reagent  is 
standardized  often. 


12.  D.  T.  Englis  and  J.  E.  Reinschreiber,  Anal.  Chem.,  21,  602  (1949). 

13.  F.  A.  Hochstein,  J.  Am.  Chem.  Soc.,  71,  305  (1949). 

U'  p.328Che"'  Jf"  a"d  M'  Smith’  Acluamelry,  Wiley-Imerscience,  New  York,  1948 


i”  vr.'kTT’  R'  H'  Smith’  and  E-  D-  Peters,  Anal.  Chem.,  19,  976  (1947) 

■  J.  Mitchell,  Jr.,  and  D.  M.  Smith,  Aquamelry,  Wiley-Interscience,  New  York,  1948, 


17.  V.  A.  Campanile,  J.  H.  Badley,  E.  D.  Peters  E  J 
Chem .,  23,  1421  (1951). 

18.  A.  J.  Durbetaki,  Anal.  Chem.,  28,  2000  (1956). 


Agazzi,  and  F.  R.  Brooks,  Anal. 


320 


Quantitative  Organic  Analysis 


Two  subsequent  procedures  (19,20)  are  based  on  the  generation  of 
hydrogen  bromide  or  iodide  in  situ  from  the  corresponding  quaternary 
halides.  The  sample  mixtures  are  titrated  with  standard  perchloric  acid 
solution  to  a  crystal  violet  end  point.  The  quaternary  halide  used  by 
Dijkstra  and  Dahmen  (19)  for  glycidyl  ethers  and  esters  was  cetyl- 
trimethylammonium  bromide.  Jay  (20)  used  tetraethylammonium 
bromide  and  iodide  for  epoxy  compounds  and  aziridines.  Both  methods 
have  the  advantage  over  the  method  of  Durbetaki  of  providing  for  the 
use  of  a  stable  and  readily  available  titrant.  The  two  procedures  are  quite 
similar,  and  the  details  of  the  Jay  procedure  follow. 


Adapted  from  the  Method  of  R.  Jay 

[Anal.  Chem.,  36,  667  (1964)] 

REAGENTS 


STANDARD  0.1N  PERCHLORIC  ACID  IN  GLACIAL  ACETIC  ACID.  Mix  8.5  ml  of  75% 
perchloric  acid  (HC104)  with  300  ml  of  glacial  acetic  acid  and  add  20  ml  of 
acetic  anhydride  (AcOH).  Dilute  to  1  liter  with  glacial  acetic  acid  and  allow  to 
stand  overnight.  Standardize  against  potassium  acid  phthalate. 
tetraethylammonium  bromide  reagent.  Dissolve  100  grams  of  tetraethyl- 
ammonium  bromide  (NEt4Br)  in  400  ml  of  glacial  acetic  acid.  Add  a  few  drops  of 
crystal  violet  indicator.  Compensate  for  any  slight  indicator  blank  by  titrating 
dropwise  with  the  standard  perchloric  acid  solution  to  the  end  point  color  change. 

TETRABUTYLAMMONIUM  IODIDE  REAGENT,  10%  IN  CHLOROFORM.  Dissolve  50 

grams  of  tetrabutylammonium  iodide  (NBu4I)  in  500  ml  of  chloroform.  Store  in 
the  dark.  This  reagent  is  stable  providing  it  is  not  preneutralized  with  perchloric 
acid  reagent  or  exposed  to  light. 


PROCEDURE 

Weigh  a  sample  estimated  to  contain  0.6  to  0.9  meq.  of  oxirane  or 
aziridine  into  a  50-ml  Erlenmeyer  flask.  Dissolve  in  about  10  ml  o 
chloroform.  Acetone,  benzene,  or  chlorobenzene  may  be  used  as  solubil¬ 
ity  considerations  dictate.  Add  10  ml  of  the  quaternary  halide  reagent  and 
2  or  3  drops  of  crystal  violet  indicator.  Titrate  to  a  definite  color  change 
with  standard  0.1N  perchloric  acid  solution  from  a  10-ml  microburet  n 
some  cases  where  sharp  visual  end  points  are  not  seen  a  potentiometric 
titration  may  be  desirable.  The  reagent  blank  is  usually  negligible  but 

should  be  checked  occasionally. 

19.  R.  Dijkstra  and  E.  A.  M.  Dahmen,  Anal.  Chim.  Acta ,  31,  38  (1964). 

20.  R.  R.  Jay,  Anal.  Chem.,  36,  667  (1964). 
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DISCUSSION  AND  RESULTS 

Either  halide  reagent  can  be  used  for  epoxides,  but  the  quaternary 
bromide  is  satisfactory  for  virtually  all  the  materials  usually  encountered 
and  is  recommended  over  the  iodide  because  of  economy  and  better 
stability.  The  iodide  is  preferred  for  aziridines  because  it  gives  more  rapid 
reactions  and  sharper  end  points. 


Table  7.  Determination  of  Epoxy  Compounds 

Epoxy  Equivalent  Weight 


Compound 

HC104- 

NEt4Br 

HCIO4- 

NBu4I 

HBr- 

AcOH" 

HC1- 

Dioxaneb 

Epon  820  (Shell)0 

190 

— 

194 

193 

Epon  828  (Shell)0 

188,  186, 

186,  186 

186,  187, 

186 

— 

— 

Araldite  TSWR-375 
Ciba) 

180,  181, 
182,  180, 
179 

179,  179, 

179,  180 

181,  181, 

181 

Epoxy  20 ld 
(Union  Carbide) 

152,  151, 

151,  151 

— 

— 

152 

ERLB-05000 

(Bakelite) 

1 1 3/ 

— 

— 

114 

KP-90  Butyl  epoxy 
stearate  (Food 
Machinery  Corp.) 

418,  416, 

417,  415, 

418,  418, 

417,  419, 

418,  419 

414,415, 
414,  413, 
413,415 

420 

Butyl  glycidyl  ether 

133.5,  133.6, 
133.7,  133.6 

134.8,  134.0, 
133.7,  134.4 

— 

— 

Epon  1031  (Shell)8 

257.2,  257.3, 
257.4 

— 

Failed'1 

— 

ERRA  01538 
(Bakelite) 

260.0,  259.3 

— 

Failed1' 

— 

b  j  e>  inuc  in  dceuc  annyaride,  Ket.  18. 

Excess  hydrochloric  acid-dioxane,  back-titration. 

'  Commercial  epoxy  resins,  epichlorohydrin-bisphenol-A  type. 

'n’(7iPpXy'6‘methylT!?heXylmethyl'3’4'ep0xy‘6'me,hy|cyclohexanecarboxylate 

,  P-(2.3-Epoxypropoxy)-N>N-di(2,3-ePoxypropyl)aniline.  ' 

*  x"  f°r  tert,ary  amine  obtained  by  separate  titration. 

A  solid  epoxy  resin  containing  structures  of  the  type  1  1  2  2-tetrakis(?  3 

epoxypropoxyphenyl)ethane.  ’  ’  ,Z  letrakls(2,3- 

‘  Sa,iSfaet°ry  analysis  ^Possible  because  of  poor  or  fading  end  points. 
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The  larger  excess  of  bromide  and  the  higher  acid  strength  of  perchloric 
acid  afford  somewhat  more  rapid  oxirane  titrations  and  sharper  end 
points  than  those  obtained  with  the  hydrogen  bromide-acetic  acid  titrant. 

Some  typical  data  are  presented  in  Table  7.  In  particular  it  should  be 
noted  that  epoxy  resins  Epon  1031  and  ERRA  0153  were  readily 
analyzed  by  the  quaternary  bromide  technique,  whereas  the  hydrogen 
bromide-acetic  acid  method  failed  to  give  discernible  end  points  with 
these  essentially  tetrafunctional  resins. 

Acids  of  strengths  comparable  to  acetic  acid  or  weaker  do  not  interfere. 
Bases  will  interfere  unless  corrections  are  made. 


Other  Approaches  to  Epoxide  Determination 

The  other  approaches  to  epoxide  determination  are  sparse  and  do  not 
have  the  advantages  of  the  hydrochlorination  methods.  They  are  men¬ 
tioned  here  for  the  sake  of  completeness. 

Epoxides  can  be  hydrolyzed  to  glycols,  and  the  glycols  can  be  deter¬ 
mined  using  periodic  acid  (see  pp.  42-43).  Eastham  and  Latremouille  (21) 
used  this  approach  for  determining  ethylene  oxide. 

Hydrogen  sulfide  (22),  alkali  hydrogen  sulfides  and  thiols  (22),  sodium 
sulfite  (22,  23),  and  sodium  thiosulfate  (22,  24)  can  also  be  used. 

H  H  H  H 

R— C - C— Rx  +  NaX  +  HoO  -►  R — C — C — Rx  +  NaOH 

\  /  II 

b  OH  X 

where  X  =  the  sulfur  containing  groups. 

The  final  measurement  is  accomplished  via  acid-base  titration. 


TRACES  OF  EPOXY  COMPOUNDS 

Adapted  from  the  Method  of  H.  E.  Mishmash  and  C.  E.  Meloan 


[Anal.  Chem.,  44,  835  (1972)] 

The  reactions  used  in  this  method  involve  first  the  cleavage  of  the 
a -epoxide  in  the  presence  of  a  mineral  acid  to  form  the  glycol.  The  glycol 

21.  A.  M.  Eastham  and  G.  A.  Latremouille,  Can.  I  Res.  B,  28, 64  (1950). 

22.  A.  Tchitchibabine  and  M.  Bestougeff,  Chem.  Zentr.,  106,  I,  3619  (1935). 

23.  D.  Swan,  Anal.  Chem.,  26,  878-80  (1954). 

24.  W.  C.  J.  Ross,  J.  Chem.  Soc.,  1950,  2257. 
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is  then  cleaved  with  an  excess  of  periodate.  An  iodometric  determination 
of  the  excess  periodate  was  used  with  a  spectrophotometric  measurement 
of  the  deep  blue,  starch-triiodide  complex. 


REAGENT 

cadmium  iodide-starch  reagent.  Dissolve  1 1  grams  of  cadmium  iodide 
(Cdl2)  in  400  ml  of  distilled,  deionized  water,  and  boil  gently  for  15  minutes  to 
expel  any  iodine.  Dilute  to  800  ml  and  add  15.0  grams  of  Superlose  HAA-11- 
HV.  Continue  the  boiling  and  stirring  for  15  minutes.  Filter  and  dilute  the  reagent 
to  1  liter  with  distilled,  deionized  water. 


PROCEDURE 

Use  a  range  of  concentration  in  1 : 1  (v/v)  glyme-water  varying  from  0 
to  2.25  jitM  of  oxirane  compound  to  make  a  calibration  curve.  Place  the 
samples  in  100-ml  volumetric  flasks.  Add  50  ml  of  standard  periodate 
solution  (100  ppm).  Seal  the  flasks  with  “poly”  stoppers  and  place  in  a 
water  bath  at  45°C  for  30  to  40  minutes.  Withdraw  the  flasks  and  allow  to 
cool.  Add  2  ml  of  IN  sodium  hydroxide  solution  and  10  ml  of  pH  4.5 
buffer.  Fill  the  flasks  to  about  90  ml  with  distilled,  deionized  water.  Add 
1  ml  of  cadmium  iodide-starch  solution  and  dilute  to  100  ml  with 
deionized  water.  Allow  20  minutes  for  color  development. 


RESULTS  AND  DISCUSSION 


The  procedure  was  used  successfully  for  propylene  oxide,  1,2-butylene 
oxide  (epoxyethyl)benzene(styrene  oxide),  l,2-epoxy-5,6-frans-9,10-cw- 
cyclododecadiene,  16,17-epoxydesoxycorticosterone  acetate,  and  epoxy- 
utyl  stearate.  The  wavelength  of  maximum  absorbance  for  all  h„t 


- -  ivu.v  aviua  iu  nee  loaine. 


a-amino  al- 
in  iodomet- 
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The  problem  of  peroxides  forming  in  the  glyme  solvent,  causing  an 
error,  was  eliminated  by  passing  the  glyme  through  a  column  of  activated 
alumina.  The  purified  glyme  was  then  stored  over  alumina. 

There  are  a  few  tests  for  specific  epoxy  compounds.  Deckert  (25) 
determined  traces  of  ethylene  oxide  in  air  using  hydrochlorination  and 
the  color  changes  in  acid-base  indicators.  Gunther  et  al.  (26)  determined 
traces  of  ethylene  oxide  as  derived  from  a  specific  insecticide,  with 
lepidine  as  the  color-producing  agent. 


25.  W.  Deckert,  Angew 

26.  F.  A.  Gunther  et  al 


.  Chem.,  45,  559,  758  (1932). 
Anal.  Chem.y  23,  1835  (1951). 


6 

Organic  Peroxides 


Organic  peroxides  are  rather  easily  determined  because  of  their  oxidative 
properties.  It  should  be  noted,  however,  that  the  reducibility  of  organic 
peroxides  varies  widely;  some  peroxides  reduce  easily,  whereas  others  are 
quite  stable  and  can  only  be  reduced  with  vigorous  reagents  and  condi¬ 
tions  (e.g.,  diethyl  peroxide).  Therefore,  since  it  cannot  be  predicted 
which  reducing  conditions  are  required  for  any  peroxide,  a  known  sample 
of  the  peroxide  must  be  tried  with  the  diverse  methods.  A  severe 
complication  in  peroxide  analysis  is  that  standard  peroxide  samples  are 
not  often  obtainable,  hence  the  analyst  cannot  readily  check  the  applica¬ 
bility  of  the  available  methods  to  the  peroxide  in  question. 

Of  the  number  of  reducing  agents  that  can  be  applied  to  the  determina¬ 
tion  of  peroxides,  iodide  ion  is  the  most  commonly  used.  The  iodine 
liberated  in  the  reaction  can  be  titrated  or  it  can  be  measured  colorimetri- 
cally.  The  iodometric  titration  methods  are  the  most  popular  and  cover  a 
myriad  of  conditions  and  solvents  in  an  attempt  to  cover  the  range  of 
peroxide  solubilities  and  reactivities.  Table  25  (p.  370)  summarizes  the 
analytical  methods. 

Other  reducing  agents  that  have  been  used  are  ferrous,  stannous, 
arsenious,  and  titanous  ions  and  organic  reducing  agents  such  as  hydro- 
quinone,  leuco  methylene  blue,  and  certain  diamines.  These  reductants 
are  measured  either  volumetrically  or  colorimetrically  as  indicated  in 
Table  25. 

The  methods  shown  are  the  most  widely  applicable  in  the  experience  of 
the  authors.  Because  of  the  singularity  of  many  peroxides,  however,  the 
reader  is  cautioned  that  there  is  no  “general  method.”  Table  25  should  be 
consulted  to  evaluate  the  various  methods  for  each  particular  problem. 


Iodometric  Methods 


Study  of  C.  D.  Wagner,  R.  H.  Smith,  and  E.  D.  Peters 

[Reprinted  with  Permission  from  Anal.  Chem.,  19 ,  976-9  (1947)] 

Iodometric  methods  as  well  as  ferrous  ion  methods  have  been  widely 
used  for  the  determination  of  peroxides  in  oxidized  organic  materials. 
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Most  of  the  proposed  iodometric  methods  involve  reduction  of  peroxides 
by  iodide  ion  in  acetic  acid  solution  with  or  without  addition  of  a  strong 
mineral  acid.  The  well-known  procedures  of  Wheeler  (1),  Lea  (2),  Marks 
and  Morrell  (3),  Liebhafsky  and  Sharkey  (4),  Taffel  and  Revis  (5),  and 
Stansby  (6)  are  examples  of  such  methods,  some  of  which  use  chloroform 
or  carbon  tetrachloride  to  aid  in  dissolving  the  sample.  Kokatnur  and 
Jelling  (7)  proposed  a  procedure  employing  isopropyl  alcohol  as  solvent, 
in  conjunction  with  a  small  amount  of  acetic  acid  and  potassium  iodide. 

Nozaki  (8)  has  reported  a  procedure  in  which  acetic  anhydride  is  used  as 
the  solvent. 

There  are  many  differences  of  opinion  concerning  the  reliability  of 
iodometric  methods.  It  has  been  well  established  that  many  peroxycar- 
boxylic  acids,  diacyl  peroxides,  hydroperoxides,  and  other  peroxide  com¬ 
pounds  can  be  determined  quantitatively  by  iodometric  methods,  al¬ 
though  a  few  reports  exist  doubting  the  accuracy  of  certain  iodometric 
methods  on  such  simple  peroxides  as  cyclohexene  and  Tetralin  peroxides. 
The  most  common  criticism  has  been  that  iodine  liberated  in  the  reaction 
disappears  by  addition  to  olefinic  double  bonds;  this  assertion  has  been 
based  on  dependence  of  results  on  sample  size  with  certain  materials  and 
on  test  experiments  involving  reaction  of  free  iodine  rather  than  triiodide 
ion.  Wheeler  (1)  found  that  when  iodide  ion  was  present,  iodine  did  not 
add  to  certain  unsaturated  peroxide-free  oils,  but  proof  was  lacking  that 
triiodide  did  not  react  with  olefins  in  the  presence  of  peroxides.  Panyutin 
and  Gindin  (9)  formulated  a  procedure  by  which  they  measured  iodide 
added,  iodine  found,  and  iodide  unoxidized,  thus  hoping  to  compensate 
for  iodine  addition;  but  the  procedure  itself  was  so  different  from  the 
usual  procedures  that  information  presented  in  that  report  did  not  prove 
or  disprove  iodine  addition  under  normal  conditions  of  iodometric 
methods. 

Another  criticism  that  might  be  directed  at  iodometric  methods,  par¬ 
ticularly  those  employing  strong  acid,  is  the  possibility  of  reduction  of 
organic  compounds  other  than  peroxides,  including  possible  reduction  of 
any  alkylene  diiodides  formed  by  addition  of  iodine  to  olefin.  Atmos¬ 
pheric  oxygen  is  known  to  cause  high  results  with  most  iodometric 
methods,  particularly  in  the  presence  of  strong  acids,  and  methods 


1.  D.  H.  Wheeler,  Oil  &  Soap,  9,  89  (1932). 

2.  C.  H.  Lea,  Proc.  Roy.  Soc.  (London),  108B,  175  (1931). 

3.  S.  Marks  and  R.  S.  Morrell,  Analyst,  54,  503-8  (1929). 

4.  H.  A.  Liebhafsky  and  W.  H.  Sharkey,  J.  Am.  Chem.  Soc.,  62,  190-2  (1940). 

5.  A.  Taffel  and  C.  Revis,  J.  Soc.  Chem.  Ind.,  50,  87T  (1931). 

6  M.  E.  Stansby,  Anal.  Chem.,  13,  627  (1941). 

1.  V.  R.  Kokatnur  and  M.  Jelling,  J.  Am.  Chem.  Soc.,  63,  1432-3  (1941). 

8.  K.  Nosaki,  Ind.  Eng.  Chem.,  Anal.  Ed.,  18,  583  (1946). 

9.  P.  S.  Panyutin  and  L.  G.  Gindin,  Bull.  Acad.  Sci.  USSR.,  1938,  No.  4,  841. 
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employing  sodium  bicarbonate  or  solid  carbon  dioxide  (4,  JO)  were  de¬ 
signed  to  overcome  this  defect.  The  Kokatnur-Jelling  method  (7)  was 

reported  not  to  be  influenced  by  atmospheric  oxygen. 

For  general  use  the  method  proposed  by  Kokatnur  and  Jelling  (7)  has 
been  found  the  most  suitable  of  the  iodometric  methods  tested.  [Since 
this  work  was  completed,  Nozaki  (8)  reported  that  use  of  acetic  anhydride 
in  place  of  acetic  acid  overcomes  the  disadvantages  inherent  in  the  use  of 
the  latter  as  solvent.]  Modifications  found  advantageous  are  (1)  replace¬ 
ment  of  potassium  iodide  by  sodium  iodide,  which  is  much  more  soluble 
in  the  reaction  mixture  and  makes  possible  a  higher  concentration  of 
iodide,  tending  to  increase  the  reaction  rate  and  to  decrease  possible 
addition  of  iodine  to  unsaturated  materials;  and  (2)  elimination  of  water 
from  the  reaction  mixture  to  avoid  the  low  results  obtained  on  autox- 


idized  diolefins  in  the  presence  of  water.  [Lips,  Chapman,  and  McFarlane 
(11)  noted  that  presence  of  water  markedly  decreased  results  obtained  on 
fats  by  an  iodometric  method,  and  Liebhafsky  and  Sharkey  (4)  observed 
that  water  retards  peroxide  reduction  by  iodide.]  To  avoid  possible 
interference  by  oxygen  in  the  experimental  work,  the  reaction  mixture 
was  kept  under  a  blanket  of  carbon  dioxide,  and  sample  and  reaction 
mixture  were  deaerated  prior  to  analysis;  however  such  precautions  have 
been  found  unnecessary  for  general  use. 

Experiments  using  the  modified  iodide  method  show  that  results  on 
known  hydroperoxides  are  accurate,  since  wide  variation  in  reaction 
conditions  produces  little  change  in  results,  which  are  already  close  to 
theoretical.  The  fact  that  peroxide  was  not  volatilized  by  passage  of 
carbon  dioxide  gas  was  proved  by  tests  using  terf-butyl  hydroperoxide.  It 
was  found  that  appreciable  amounts  of  water  must  be  present  in  the 
mixture  at  the  titration  end  point  in  order  to  avoid  high  results  due  to  the 
slowness  of  reaction  between  iodine  and  thiosulfate  and  consequent 
overtitration,  especially  when  the  titer  is  small.  This  effect  had  been  noted 
by  Liebhafsky  and  Sharkey  (4)  while  studying  a  method  utilizing  acetic 
acid  as  solvent. 


Variation  in  reaction  conditions  produced  little  change  in  results  on 
materials  containing  no  autoxidized  conjugated  diolefins,  indicating  that 
the  method  is  accurate  when  applied  to  such  materials;  this  is  consistent 
with  observations  that  mono-olefin  peroxides  and  initially  formed  ether 
peroxides  are,  in  fact,  hydroperoxides.  Results  on  diolefins  and  as- 
caridole,  however,  showed  wide  variation  with  changes  in  reaction  condi¬ 
tions,  indicating  that  such  bridge-type  peroxides  are  not  determined 
accurately  by  this  method. 

Experiments  have  demonstrated  that  under  the  conditions  of  the 

10.  P.  D.  Bartlett  and  R.  Atschul,  J.  Am.  Chem.  Soc .,  67,  816  (1945). 

11.  A.  Lips,  R.  A.  Chapman,  and  W.  D.  McFarlane,  Oil  &  Soap ,  20,  240  (1943). 
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method,  iodine  does  not  add  to  mono-olefins  and  that,  in  the  absence  of 
peroxides,  it  does  not  add  to  diolefins.  One  experiment  indicated  that 
iodine  might  by  absorbed  by  diolefins  in  the  presence  of  diolefin  perox¬ 
ides.  The  sodium  iodide-isopropyl  alcohol  method  was  found  to  be  as 
useful  in  all  cases  as  sodium  iodide-acetic  acid  methods  and  to  have  the 
advantages  of  somewhat  more  general  applicability  and  comparative 
freedom  from  interference  by  atmospheric  oxygen. 


EXPERIMENTAL  ANALYTICAL  PROCEDURE 

Into  a  250-ml  Erlenmeyer  flask  equipped  with  a  gas  inlet  tube,  intro¬ 
duce  40  ml  of  dry  isopropyl  alcohol,  2  ml  of  glacial  acetic  acid,  and  up  to 
10  ml  (usually  5  ml)  of  the  sample,  containing  up  to  2  meq.  of  peroxides. 
Connect  the  flask  to  a  reflux  condenser  and  pass  carbon  dioxide  gas 
through  the  mixture  for  3  minutes.  Stop  the  carbon  dioxide  flow,  heat  the 
solution  to  reflux,  add  through  the  condenser  10  ml  of  isopropyl  alcohol 
saturated  with  sodium  iodide,  and  heat  the  mixture  at  gentle  reflux  for  15 
minutes  ±30  seconds.  Resume  the  carbon  dioxide  flow,  disconnect  the 
flask  from  the  condenser,  and  titrate  the  contents  immediately  with  0.1  iV 
sodium  thiosulfate  to  the  disappearance  of  the  yellow  color  (use  0.0 IN 
thiosulfate  for  very  low  peroxide  concentrations). 


EXPERIMENTAL 

materials  used.  Tetrahydronaphthyl  hydroperoxide  (Tetralin  peroxide) 
was  prepared  by  air  oxidation  of  Tetralin  at  75  C,  crystallization,  and 
recrystallization.  a:,a:-E)imethylbenzyl  hydroperoxide  (cumene  peroxide) 
was  prepared  from  cumene  by  a  method  similar  to  that  of  Hock  and  Lang 
(11a).  Hydrogen  peroxide  was  a  sample  of  Baker’s  CP  30%  (in  water), 
assaying  29.9%.  tert- Butyl  hydroperoxide  was  prepared  by  careful  distil¬ 
lation  of  Union  Bay  State  material  and  anlayzed  close  to  96.5%  by  the 
procedure  given  previously.  Benzoyl  peroxide  was  obtained  from  Lucidol 
Corporation.  Ascaridole,  obtained  from  Eastman  Kodak  Company,  was 
said  to  be  better  than  99%  pure,  and  analyzed  72.3%  carbon,  9.8  /o 

hydrogen  (theory  71.4%  carbon,  9.6%  hydrogen). 

The  following  materials  were  autoxidized  by  allowing  them  to  stand 
under  oxygen  in  diffused  daylight  until  analysis  indicated  a  reasonably 
high  peroxide  content  (air  was  used  in  the  case  of  2-pentene): 
diisobutylene,  consisting  of  about  75%  2,2,4-trimethyl- 1-pentene  and 
11a.  H.  Hock  and  S.  Lang,  Ber.,  77B,  257  (1944). 
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25%  other  isomeric  octenes,  was  not  redistilled  before  autoxidation. 
2-Pentene  prepared  by  dehydration  of  sec-amyl  alcohol,  was  carefully 
distilled.  The  product  probably  contained  a  small  amount  of  1-pentene. 
Cvclohexene,  Eastman  Kodak  Company  material,  was  dried  over  po  as- 
sium  carbonate  and  potassium  hydroxide  and  redistilled,  the  faction 
distilling  between  83.0  and  83.3°C  being  retained.  Tetralm,  also  obtained 
from  Eastman  Kodak  Company  (practical  grade),  was  redistilled,  t  e 
fraction  boiling  between  204.3  and  207.3°C  being  retained.  Methylpen- 
tadiene,  prepared  by  dehydration  of  2-methyl-2,4-dihydroxypentane,  was 
carefully  distilled  before  allowing  it  to  autoxidize.  It  consisted  of  about 
70%  2-methyl- 1,3-pentadiene  and  30%  4-methyl- 1,3-pentadiene.  Iso- 
prene,  redistilled,  was  97.1%  pure  (determined  by  freezing  point).  Diethyl 


ether  was  anhydrous  Merck  reagent. 

effect  of  water  on  the  titration.  It  was  found  that  the  reaction 
between  sodium  thiosulfate  and  triiodide  ion  is  rather  slow  unless  5  to 
10%  of  water  is  present  in  the  reaction  mixture.  When  the  titration 
volume  is  reasonably  large,  sufficient  water  is  furnished  by  the  thiosulfate 
solution,  but  with  low  titers  water  must  be  added  before  titration.  This 
effect  is  shown  in  Table  1,  which  summarizes  experiments  in  which  known 


Table  1.  Effects  of  Absence  of  Water  on  Accuracy  of  Iodometric  Titration 


Titer  Found,  0. 1  /V  Na2S203 


Volume  of 
Standard 

Iodine  Solution 
ml. 

Calculated  Titer, 
0.1 /V 
Na2S203 
ml. 

Anhydrous 

ml. 

5  ml.  of  H20 
Added 
ml. 

50 

11.53 

11.57 

11.56 

25 

5.77 

5.75 

5.78 

10 

2.31 

2.81 

2.37 

2 

0.46 

1.02 

0.51 

amounts  of  a  standard  isopropyl  alcohol  solution  of  iodine  contained  in 
the  reaction  mixture  were  titrated  hot,  using  a  constant  total  amount  of 
reaction  mixture  [x  ml  of  standard  solution  iodine  in  isopropyl  alcohol, 

(50  ~x)  ml  of  isopropyl  alcohol,  2  ml  of  glacial  acetic  acid,  and  2  grams  of 
sodium  iodide]. 

ACCURACY  OF  METHOD  AND  EFFECT  OF  MANIPULATIVE  VARIABLES  ON 

results.  The  known  peroxides  were  tested  to  study  the  effect  of 
variations  in  heating  time,  reaction  time,  sample  size,  amount  of  iodine 
and  amount  of  water  (Table  2).  These  tests  indicate  that  (1)  the  amouni 
o  iodide  is  not  critical,  provided  a  large  excess  is  present,  (2)  reaction 
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Table  2.  Effects  of  Manipulative  Variables  in  the  Sodium  Iodide-Isopropyl  Alcohol 

Method  on  Results  for  Known  Peroxides0 


Variable 


Tetralin 
Peroxide,  %b 


Hydrogen 

fer/-Butyl  Peroxide,  Benzoyl  Ascari- 

Hydroperoxide.  %b  %*>  Peroxide,  %b  dole,  %b 


5  ml.  of  5  ml.  of  5  ml.  of  5  ml.  of 

An-  HzO  before  An-  H20  before  HzO  before  An-  HzO  before  An¬ 
hydrous  Titration  hydrous  Titration  Titration  hydrous  Titration  hydrous 


Reaction  time 

2  min. 

103.7 

97.3 

96.7 

96.5 

29.7 

100.2 

98.8 

7.3 

5  min. 

105.1 

97.1 

96.5 

96.5 

29.6 

100.2 

98.0 

11.2 

15  min. 

102.4 

97.3 

95.8 

96.0 

29.4 

100.7 

98.5 

25.7 

Sample  size 

2  ml. 

105.7 

96.2 

103.7 

95.1 

29.9 

104.0 

98.3 

55.6 

5  ml. 

102.4 

97.3 

95.8 

96.0 

29.4 

100.7 

98.1 

25.7 

10  ml. 

96.7 

97.2 

96.2 

96.2 

— 

— 

— 

Amount  of  iodidec 

2  grams 

102.2 

96.9 

— 

96.3 

29.4 

99.4 

98.8 

25.1 

7  grams 

99.4 

98.1 

— 

97.5 

29.7 

102.3 

100.2 

28.6 

Effect  of  5  ml.  of  HaO 

Added  at  start 

97.2 

96.0 

— 

100.7 

3.7 

Added  after  reflux 

97.0 

96.0 

— 

98.5 

18.4 

No  H20 

102.4 

95.8 

— 

98.5 

25  7 

Effect  of  heat 

30-min.  reflux 

before  I-  added 

97.4 

93.5 

— 

94.2 

29.0 

84.3 

86.2 

23.5 

0-min.  reflux 

before  1_  added 

102.4 

97.3 

95.8 

96.0 

29.4 

100.7 

98.5 

25.7 

“  Dissolved  in  benzene  (C.P.  thiophene-free),  about  OAN  except  hydrogen  peroxide,  which  was  diluted  with 


water. 

b  Per  cent  recovery  based  on  100%  purity.  "Anhydrous”  refers  to  anhydrous  conditions  of  experimental 
method.  Other  columns  of  data  obtained  by  adding' 5  ml.  of  water  to  reaction  mixture  just  before  titration. 

c  Method  modified :  sodium  iodide  dissolved  by  refluxing  in  isopropyl  alcohol-acetic  acid,  followed  by  heating 
to  reflux,  and  addition  of  sample  through  condenser.  Carbon  dioxide  used  in  usual  way  before  and  after 
refluxing. 


time  and  sample  size  are  not  critical  for  the  peroxides  tested  (except  for 
ascaridole,  which  reduces  slowly),  (3)  only  the  ascaridole  analysis  was 
markedly  affected  by  the  presence  of  water  during  the  reaction,  and  (4) 
except  for  benzoyl  peroxide,  the  peroxides  are  stable  toward  heat.  Con¬ 
sistent  results  close  to  theoretical  with  the  hydroperoxides  indicate  that 
the  method  is  accurate  for  their  determination.  Additional  support  for 
this  conclusion  is  given  by  consistent  results  of  94%  obtained  on  a  sample 
of  a,a -dimethylbenzyl  hydroperoxide  prepared  by  autoxidation. 

The  experimental  procedure  was  applied  with  variations  to  the  autox- 
idized  materials,with  results  shown  in  Table  3.  With  materials  containing 
no  conjugated  diolefins,  results  were  affected  little  by  changes  in  the 
experimental  conditions,  whereas  results  with  autoxidized  isoprene  and 
methylpentadiene  were  critically  dependent  on  the  conditions  employed^ 
The  diolefin  peroxides  react  slowly  and  incompletely,  like  ascaridole,  and 
results  showing  dependence  on  sample  size  and  amount  of  iodide  ion 
demonstrate  that  the  rate  of  reduction  depends  on  the  concentration  of 
iodide  ion  in  the  mixture  rather  than  on  the  concentration  of  the 
peroxides.  Water  present  during  the  reflux  period  causes  lower  values  to 
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Table  3. 


Effects  of  Manipulative  Variables  in 
Method  on  Peroxide  Numbers  of 


the  Sodium  Iodide-Isopropyl  Alcohol 
Autoxidized  Materials 


Variable 


Peroxide  Number,  Milliequivalents  per  Liter 


Diiso-  Cyclo¬ 

butylene  2-Pentene  hexene 


Tetralin 


Diethyl  Methyl- 
Ether  pentadiene  Isoprene 


Reaction  time 
2  min. 

5  min. 

15  min. 


11.0 
11.8 
1 1.6 


40.0 

40.2 

40.4 


83.6 

86.7 
85.0 


114 

115 
113 


12.0 

12.1 

12.0 


22 

33 

61 


31 

52 

92 


Sample  size0 
2  ml. 

4  ml. 

5  ml. 

10  ml. 


. 

112 

11.7 

99 

88 

11.6 

42.6 

85.0 

109 

12.0 

55 

48 

9.8 

38.3 

83.3 

— 

12.0 

— 

" 

Amount  of  iodide^ 
2  grams 
7  grams 


11.2  44.8  84.9 

11.8  42.4  84.9 


117  12.1  67 

118  12.6  227 


94 

128 


Effect  of  5  ml.  of  H20 
Added  at  start 
Added  after  reflux 
No  H20 


8.6 

38.8 

82.3 

9.2 

39.6 

82.6 

11.6 

40.4 

85.0 

113 

1 1.9 

19 

113 

12.1 

57 

113 

11.7 

61 

15 

78 

92 


Effect  of  heat 

30-min.  reflux  before  I' added  12.6  39.8 

No  reflux  before  I-  added  1 1.6  40.4 


109 

113 


1 1.8 
12.1 


59  82 

61  92 


0  Except  in  case  of  conjugated  dienes,  indicated  variation  of  results  with  sample  size  can  be  ascribed  chiefly  to 
the  fact  that  no  water  was  added  before  titration. 
b  Method  modified,  see  c.  Table  2. 


be  obtained  in  some  cases,  and  to  prevent  this  effect,  the  exclusion  of 
water  during  the  reflux  period  is  recommended. 

The  results  demonstrate  conclusively  that  peroxides  in  autoxidized 
conjugated  diolefins  differ  radically  from  those  in  other  materials;  the 
latter  are  now  generally  accepted  to  be  hydroperoxides,  whereas  Boden- 
dorff  (12)  has  demonstrated  that  conjugated  diolefins  form  peroxides 
largely  by  1,4-addition  to  produce  intramolecular  peroxides  of  the  as- 
caridole  type,  or  polymeric  peroxides  by  intermolecular  peroxy-bridging 
to  the  1-  or  4-positions  of  other  molecules: 
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Intramolecular  peroxide  from 
conjugated  diolefin 
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Intermolecular  polymeric  peroxide 
from  conjugated  diolefin 


12.  K.  Bodendorff,  Arch.  Pharm.,  271,  1  (1933). 
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Such  peroxides  would  be  expected  to  react  differently  from  the  simple 
alkenyl  hydroperoxides,  which  are  formed  with  mono-olefins  by  oxidative 
attack  at  the  carbon  atom  alpha  to  a  double  bond.  The  fact  that 
ascaridole  reacts  in  a  way  very  similar  to  the  autoxidized  diolefins  is  to  be 
expected  in  view  of  Bodendorff  s  observations  that  the  monomeric  pro¬ 
duct  formed  from  the  autoxidation  of  the  conjugated  diolefin,  1,3- 
menthadiene,  is  chemically  and  structurally  similar  to  ascaridole.  In 
addition  to  these  observations  and  the  fact  that  the  hydroperoxides  react 
very  rapidly  with  iodide  ion,  another  point  to  be  noted  is  the  stability  of 
all  the  peroxides  in  autoxidized  materials.  In  no  case  did  a  significantly 
decreased  final  value  result  from  refluxing  the  sample  in  the  reaction 
mixture  for  30  minutes  before  addition  of  iodide  ion.  Any  slight  decreases 
obtained  may  possibly  be  due  to  reduction  of  the  peroxide  by  the  alcohol. 


INTERFERENCES 

IODINE  ABSORPTION  BY  UNSATURATED  MATERIALS.  To  test  the  magnitude  of 
this  potential  source  of  error,  samples  of  isoprerie  and  cyclohexene  were 
fractionally  distilled  into  a  receiver  through  which  oxygen-free  nitrogen 
was  slowly  passed.  Ten-milliliter  portions  of  each  of  these  peroxide-free 
materials  were  subjected  to  two  modifications  of  the  prescribed  proce¬ 
dure.  In  one,  10  ml  of  isopropyl  alcohol  containing  about  0.2  meq.  of 
iodine  was  added  following  the  addition  of  the  iodide,  and  in  the  other 
the  iodine  solution  was  substituted  for  the  iodide  solution.  In  another  set 
of  experiments  5  ml  of  water  was  added  to  the  mixture  at  the  start. 
Results  (Table  4)  demonstrate  that  in  the  absence  of  iodide  ion  a 
considerable  fraction  of  the  iodine  is  lost,  particularly  in  the  presence  of 
water.  This  is  in  agreement  with  observations  by  Margosches,  Hinner,  and 
Friedmann  (13)  on  the  effect  of  water  on  rate  of  iodine  addition  to 
unsaturated  materials.  When  iodine  is  combined  with  iodide  in  the  form 
of  triiodide  ion,  no  evidence  of  loss  is  observed  (with  peroxide-free 

material). 

Inasmuch  as  the  amount  of  iodine  lost  is  approximately  proportional  to 
the  amount  originally  present,  the  failure  of  loss  to  occur  in  the  presence 
of  iodide  is  undoubtedly  due  to  the  formation  of  unreactive  triiodide  ion 

and  resultant  small  concentration  of  free  iodine. 

To  determine  whether  a  peroxide  such  as  benzoyl  peroxide  could 
catalyze  addition  of  iodine  as  triiodide  to  olefins,  a  weighed  quantity  of 
sodium  iodide  was  dissolved  by  refluxing  in  40  ml  of  isopropyl  alcohol 
and  2  ml  of  acetic  acid  in  the  presence  of  carbon  dioxide;  5  ml  of  water 
13.  B.  M.  Margosches,  W.  Hinner,  and  L.  Friedmann,  Ber.,  57,  996  (1924). 
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Table  4.  Addition  of  Iodine  to  Unsaturated  Materials  Under 

Conditions  of  Analysis 


I2  or  I3~  Found  after  Reflux, 

Material 

I2  or  I3  Added, 

Equivalent  x  103 

In  Anhydrous 

In  Presence  of 

Equivalent  x  103 

Medium 

5  ml.  of  H20 

Isoprene 

0.18901/ 

0.1600 

0.1400 

0.0756  1/ 

0.0601 

0.0432 

0.0378  1/ 

0.0249 

0.0161 

Cyclohexene 

0.17601./ 

0.1519 

0.0971 

Isoprene 

0.2278  I3- 

0.2274 

0.2260 

0.0911  I3~ 

0.0906 

0.0907 

0.0456  I3~ 

0.0459 

0.0457 

Cyclohexene 

0.2050  I3~ 

0.2049 

0.2050 

a  Determined  by  refluxing  concentrated  solutions  15  minutes 
and  titrating.  The  two  dilute  solution  concentrations  were 
calculated  from  dilution  factors.  About  0.02  milliequivalent 
of  iodine  was  lost  from  concentrated  iodine  solutions  them¬ 
selves  on  refluxing. 

was  added  in  some  cases.  Then  5  ml  of  purified  isoprene  and  10  ml  of  a 
standard  benzoyl  peroxide  solution  in  benzene  were  added,  and  the 
mixture  was  refluxed  15  minutes  and  titrated,  maintaining  a  blanket  of 
carbon  dioxide  at  all  times.  Results  are  tabulated  in  Table  5.  No  peroxide- 
catalyzed  addition  of  iodine  is  observed. 

Nevertheless,  definite  evidence  was  still  lacking  as  to  whether  iodine  as 
triiodide  is  absorbed  by  diolefins  in  the  presence  of  diolefin  peroxides.  To 
test  this  point,  a  1-ml  sample  of  autoxidized  methylpentadiene  was 
subjected  to  analysis  in  the  usual  fashion  in  the  presence  of  4  ml  of  freshly 

Table  5.  Addition  of  Triiodide  Ions  to  Isoprene  in  the 
Presence  of  Benzoyl  Peroxide 

Benzoyl  ^3  Found  alter  Reflux, 

Peroxide  Equivalent  x  103 

Added,  ■ 

eq.  x  103  In  A^y^ous  In  Presence 
Medium  of  Water 


Nal 

Present, 

grams 


2 

7 


0.871 

0.871 


0.863 

0.877 


0.862 

0.867 
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distilled  peroxide-free  methylpentadiene  and  4  ml  of  benzene.  Results  of 
0.309  and  0.341  meq.,  respectively,  were  obtained,  which  may  indicate 
some  absorption  of  iodine  in  the  presence  of  the  diolefin  peroxide  (lower 
results  with  greater  concentration  of  diolefin). 

POSSIBILITY  OF  REDUCTION  OF  OLEFINS  OR  ALKYLENE  DIIODIDES  DURING 

analysis.  If  hydrogen  iodide  should  add  to  olefins  to  produce  alkyl 
iodides,  or  if  iodine  should  add  to  produce  alkylene  diiodides,  reduction 
of  such  organic  iodides  by  hydrogen  iodide  would  produce  iodine  and 
lead  to  high  results.  To  test  whether  this  is  at  all  likely,  the  method  was 
applied  to  1  ml  of  autoxidized  methylpentadiene  both  with  and  without 
the  addition  of  2  ml  of  pure  ethyl  iodide.  Titers  were  16.3  ±0.2  ml  of 
0.0 IN  thiosulfate,  indicating  that  in  the  presence  of  diolefin  peroxides 
simple  alkyl  iodides  are  not  reduced  by  the  iodide  reagent. 
interference  by  air.  A  sample  of  methylpentadiene,  analyzed  in  the 
prescribed  way,  gave  2.3  meq.  of  peroxide  per  liter.  When  an  air  stream 
was  substituted  for  carbon  dioxide,  a  value  of  3.3  meq.  per  liter  was 
obtained,  and  instability  of  the  end  point  was  troublesome.  Approxi¬ 
mately  the  same  absolute  difference  in  results  was  noted  on  diolefin 
samples  of  higher  peroxide  content,  whereas  no  significant  difference  was 
noted  with  cyclohexene  and  other  simple  olefins.  It  is  concluded  that 
exclusion  of  air  is  essential  only  if  the  method  is  used  for  analyzing 
diolefin  samples  of  low  peroxide  content. 


PROCEDURE  RECOMMENDED  FOR  GENERAL  USE 

The  following  method,  which  is  closely  similar  to  the  Kokatnur-Jelling 
method,  is  recommended  for  general  use  on  materials  containing  no 
conjugated  diolefins. 

Into  a  250-ml  Erlenmeyer  flask  introduce  40  ml  of  dry  isopropyl 
alcohol,  2  ml  of  glacial  acetic  acid,  and  the  sample  (up  to  10  ml,  ordinarily 
5  ml).  Heat  to  reflux,  add  10  ml  of  isopropyl  alcohol  saturated  at  room 
temperature  with  sodium  iodide  (prepared  by  refluxing  25  grams  of 
sodium  iodide  with  100  ml  of  isopropyl  alcohol),  reflux  5  minutes,  add 
5  ml  of  water,  and  titrate  with  0.1  or  0.01N  sodium  thiosulfate.  Blan 
determinations  on  the  reagents  will  be  nil  unless  oxidizing  impurities  are 
present  in  the  isopropyl  alcohol:  therefore  a  blank  determination  on  each 

new  batch  of  alcohol  is  sufficient.  . 

Although  the  method  is  not  recommended  for  use  on  conjugated 
diolefins  it  is  sometimes  useful  for  obtaining  precise  empirical  results 
provided  an  atmosphere  of  carbon  dioxide  is  maintained  in  the  flask 

during  the  analysis. 
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COMPARISON  WITH  METHODS  EMPLOYING  ACETIC 
ACID  AS  SOLVENT 

The  following  two  methods,  employing  acetic  acid  as  solvent,  were 
compared  with  the  recommended  method  described  previously. 
acetic  ACID,  reflux  methods.  Into  a  250-ml  Erlenmeyer  flask  equipped 
with  a  gas  inlet  tube,  introduce  50  ml  of  glacial  acetic  acid  and  5  ml  of 
sample.  Connect  to  a  reflux  condenser,  pass  carbon  dioxide  through  the 
solution  slowly  for  2  minutes,  stop  the  flow,  and  heat  the  mixture  to  reflux. 
Add  2  ml  of  a  saturated  aqueous  solution  of  sodium  iodide  through  the 
condenser,  reflux  for  15  minutes,  start  the  carbon  dioxide  flow,  add 
100  ml  of  distilled  water,  cool  the  contents  to  room  temperature,  and 
titrate  with  thiosulfate  to  the  disappearance  of  the  yellow  color,  maintain¬ 
ing  gentle  carbon  dioxide  flow  during  the  titration.  Make  a  blank  determi¬ 
nation  on  the  reagents  in  a  similar  manner. 

acetic  acid,  room-temperature  method.  This  method  is  the  same  as  the 
reflux  method,  except  that  after  carbon  dioxide  is  passed  through  the 
solution  for  2  minutes;  then  add  the  iodide,  stop  the  carbon  dioxide  flow, 
stopper  the  flask,  and  allow  it  to  stand  in  the  dark  for  15  minutes  at  room 
temperature  before  resuming  the  carbon  dioxide  flow,  diluting  with  water, 
and  titrating. 

Comparative  results  are  shown  in  Table  6.  It  is  evident  that  except  for 
ascaridole,  results  are  generally  lower  when  acetic  acid  is  used,  and  results 
by  the  acetic  acid  reflux  method  are  ordinarily  lower  than  are  those  by  the 
acetic  acid  room-temperature  method.  For  the  diolefins,  the  dark-colored 
polymer  that  forms,  particularly  on  heating,  obscures  the  end  point.  The 
lower  results  by  the  method  employing  heat  are  due  to  destruction  of 
peroxides  during  the  period  of  heating  to  reflux,  as  shown  by  the 
following  experiment.  A  sample  of  cyclohexene  gave  a  value  of  95.9  meq. 
per  liter  by  the  room-temperature  acetic  acid  method  and  85.7  meq.  per 
liter  b\  the  acetic  acid  reflux  method.  When  the  reaction  mixture  was 
refluxed  without  iodide  for  15  minutes,  cooled  rapidly,  then  treated 
according  to  the  room-temperature  acetic  acid  method,  a  value  of  only 
72.2  meq.  per  liter  was  obtained.  It  seems  likely  that  the  peroxides  are 
less  stable  in  acetic  acid  than  in  isopropyl  alcohol. 

It  is  concluded  that  acetic  acid  as  solvent  offers  no  advantages  over 
isopropyl  alcohol,  other  than  elimination  of  the  reflux  operation.  Disad¬ 
vantages  are  greater  interference  by  air,  occasional  slight  destruction  of 
peroxides,  need  for  great  dilution  with  water  before  titration,  and  in- 

nrodurKtenenCf  ^  d'°lefinic  materials  to  polymerize  to  dark-colored 
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Table  6.  Comparison  of  Results  by  Sodium  Iodide-Isopropyl  Alcohol  and  Sodium 

Iodide-Acetic  Acid  Methods 


Solvent  and  Condition 

Material  Analyzed® - - 

Isopropyl  Acetic  Acid, 

Alcohol,  Room  Acetic  Acid, 

Reflux  Temperature  Reflux 


Apparent  Peroxide  Content,  % 


Tetralin  peroxide 

97.3 

96.3 

91.1 

re/7-Butyl  hydroperoxide 

96.0 

96.8 

95.7 

Hydrogen  peroxide  (29.9%) 

29.4 

29.6 

29.4 

Benzoyl  peroxide 

99.4 

99.4 

85.2 

Ascaridole 

25.7 

34.1 

71.4 

Peroxide  No., 

Milliequivalents  per  Liter 

Diisobutylene 

36. 9b 

27.5 

34.7 

2-Pentene 

45.9 

41.6 

40.4 

Cyclohexene 

95. lc 

91.8 

80.6 

Tetralin 

126.1 

123.8 

109.3 

Diethyl  ether 

12.2 

21.4 

11.3 

Methylpentadiene 

53.4 

(20)d 

(100)d 

Isoprene 

68. 3C 

(20)d 

(100)d 

a  With  known  peroxides  samples  were  about  0.1  TV  solutions  in  benzene,  except 
that  hydrogen  peroxide  was  diluted  with  water.  Autoxidized  materials  were  used 
directly. 

b  Method  modified  by  adding  5  ml.  of  water  before  titration. 
c  Application  of  isopropyl  alcohol  method  at  room  temperature  gave:  cyclo¬ 
hexene,  83.4  me./l.,  isoprene,  5.3  me. /I. 

d  Reaction  mixture  was  very  dark  in  color,  with  much  polymer;  results  are 

very  much  in  doubt. 


Study  of  R.  D.  Mair  and  A.  J.  Graupner 

[Anal.  Chem.,  36 ,  194  (1964)] 

The  suitability  of  the  foregoing  procedure  of  Wagner,  Smith,  and 
Peters  for  all  easily  reduced  peroxides  was  confirmed.  Some  minor 
changes,  including  the  combining  of  acetic  acid  and  isopropyl  alcohol  as  a 
single  solvent  and  dropping  the  step  of  boiling  the  sample  and  solvent 
before  the  addition  of  the  iodine  reagent,  were  recommended.  A  conve¬ 
nient  three-group  classification  of  peroxides  according  to  their  reac¬ 
tivities  was  then  based  on  this  method,  designated  Method  I.  As  shown  ,n 
Table  7,  this  scheme  defines  easily  reduced  peroxides,  all  t  ose  w  ic  are 
quantitatively  reduced  by  Method  I  in  5  minutes  as  Class  I;  peroxides  tha 
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Table  7.  Classification  oi  Peroxides  According  to  Reactivity  by  Method  I 


Class  Description 


Definition 


I 

Easily 

Iodine  liberated  stoichiometrically  in 

reduced 

5  minutes  or  lessa 

II 

Moderately 

Iodine  liberated,  but  stoichiometric 

stable 

reduction  requires  more  than  5 

minutesb 

III 

Difficult 

No  iodine  liberation,  even  with 

to  reduce 

prolonged  refluxc 

a  Includes  peracids,  diacyl  peroxides,  all  hydroperoxides,  and  certain  other 
compounds. 

6  Includes  most  peresters,  aldehydes,  and  ketone  peroxides. 
c  Includes  frans-annular  peroxides,  diaralkyl  peroxides,  di-tert-alkyl  peroxides, 
and  mixed  aralkyl-terf-alkyl  peroxides. 


are  reduced  only  with  difficulty,  all  those  which  are  inert  to  Method  I,  are 
Class  III.  Some  of  the  Class  II  (moderately  stable)  peroxides  can  be 
determined  by  Method  I  if  extended  reaction  periods  are  used;  for  others, 
the  reductions  will  be  impractically  slow.  The  latter  and  all  Class  III 
peroxides  require  more  rigorous  methods. 


REAGENTS 

Granular  soldium  iodide,  reagent  grade. 
Isopropyl  alcohol,  99%  pure. 


APPARATUS 

Special  reaction  flasks  (Fig.  6.1)  were  used  to  maintain  an  inert  atmosphere.  A 
six-place  refluxing  setup  was  used  with  cool-joint  Liebig  condensers.  The  setup 
was  usually  placed  in  a  laboratory  hood  to  remove  acetic  acid  fumes  and  to 

protect  the  reactants  from  bright  sunlight.  A  gas  flow  that  just  dimpled  the  surface 
of  the  solvent  was  used. 
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PROCEDURES 


The  procedures  are  outlined  in  Table  8. 

Table  8.  Outline  of  Procedures  for  Methods  II  and  III 

Method 


Procedure 

II 

III 

1.  Reflux  50  ml  of  acetic  acid  briefly" 

yes 

yes 

2.  Cool,  add,  and  partially  dissolve  6  grams  of 

yes 

yes 

sodium  iodide6 

3.  Add  3.0  ml  of  water6 

yes 

no 

4.  Add  sample  aliquot11  in  acetic  acid  or  xylene6 

yes 

yes 

5.  Add  2.0  ml  of  37%  HC1;  put  on  to  boil 

no 

yes 

immediately^ 

6.  Reflux8  at  least 

20  min. 

50  min 

7.  Add  100  ml  of  water  and  titrate'1 

yes 

yes 

8.  Run  blank  determinations' 

yes 

yes 

a  Inert  gas  control,  cut  off  whenever  flask  contents  are  put  on  to  boil,  maintain 
slow  flow  at  all  other  times. 

b  Mallinckrodt  analytical  reagent  granular. 

c  If  sample  is  expected  to  contain  but  little  peroxide,  add  replicate  1-  to  2-meq. 
portions  of  I3  to  both  sample  and  blank  reaction  flasks  at  this  point. 

d  Up  to  2.5  meq. 

e  Purified  by  being  passed  through  active  alumina.  Lower-boiling  solvents  are 
avoided,  to  prevent  lowering  of  the  reaction  temperature. 

f  And  cut  off  inert  gas  to  avoid  undue  loss  of  HI. 

8  Temperature  about  120°C. 

h  With  standard  0.1N  sodium  thiosulfate,  starch  may  be  used  as  an  indicator, 
but  it  is  not  necessary. 

1  Blanks  for  Methods  II  and  III  should  be,  respectively,  0.01  to  0.02  and  0.05  to 
0.07  meq.  of  iodine. 


DISCUSSION  AND  RESULTS 

Method  I  (sodium  iodide-acetic  acid-6%  water)  is  remarkably  tolerant 
of  variations  in  the  procedure.  For  instance,  the  volume  of  alcohol  solvent 
may  range  up  to  100  ml  or  more.  As  much  as  25%  acetic  acid  may  be 
permitted  in  the  reaction  mixture,  and  as  much  as  25%  water.  Samp  e 
size  may  vary  by  a  factor  of  at  least  2500,  from  more  than  5  to 
0  002  meq.  The  sample  may  be  added  at  any  convenient  stage  of  the 
procedure.  And,  finally,  although  quantitative  reaction  ts  frequency  ob¬ 
tained  after  only  a  1-  or  2-minute  reflux,  the  results  will  be  identical 

refhixine  is  continued  for  an  hour  or  even  longer. 

Method  II  was  not  intended  to  be  a  general  method  for  dithcult-to- 
reduce  peroxides;  rather,  it  had  been  carefully  tailored  to  provide 
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interference-free  determinations  of  a  specific  group  of  compounds,  the 
diaralkyl  peroxides.  However  it  turns  out  to  be  generally  useful  for  the 
Class  II  peroxides  of  Table  7  and  for  all  Class  III  except  the  di-terf-alkyls 
in  that  table. 

There  is  one  circumstance  in  which  compounds  like  7-cumyl  alcohol 
and  a -methylstyrene  can  interfere  in  Method  II:  when  the  sample  under 
analysis  contains  no  peroxidic  components  and  should  therefore  give  a 
result  of  nil.  In  such  a  situation,  the  cited  compound  will  be  partially 
reduced  and  will  give  a  false  indication  that  peroxides  are  present.  A 
typical  example  is  the  10  to  14%  iodine  liberated  by  the  p-d iisopropyl- 
benzene  alcohol,  compound  4  (Table  9). 

When  the  sample  contains  more  than  traces  of  peroxides,  the  attack  is 
effectively  suppressed  by  the  liberated  iodine.  The  mechanism  has  not 
been  determined.  At  any  rate,  protection  from  such  interference  at  low 
peroxide  levels  in  Method  II  can  be  gained  by  the  addition  of  known 
amounts  of  I7  (Table  8  footnote  c). 

Following  the  work  on  Method  II,  development  of  a  more  drastic 
method  was  undertaken  in  which  the  liberation  of  iodine  by  7-  and 
8-cumyl  alcohols  and  by  9-methylstyrene  would  be  quantitative  rather 
than  partial.  With  such  a  method,  aralkyl  hydroperoxides  like  cumene 
hydroperoxide  could  be  expected  to  liberate  2  moles  of  iodine  rather  than 
the  1  mole,  which  they  produce  in  Method  I  or  II;  and  diaralkyl  peroxides 
such  as  dicumyl  peroxide  should  liberate  3  moles  rather  than  1.  In 
addition,  it  would  be  anticipated  that  the  di-te/t-alkyl  peroxides  would 
respond  quantitatively  to  liberate  1  mole  of  iodine. 


A  method  with  such  capabilities  was  obtained  by  elimination  of  the 
added  water  from  the  Method  I  reagents  and  replacement  with  concen¬ 
trated  hydrochloric  acid.  One  other  change  was  essential,  to  cut  off  the 
flow  of  inert  gas  during  the  reflux  reaction  period  to  prevent  HI  from 
being  swept  from  the  reaction  flask. 

Several  comments  are  in  order  regarding  the  recommended  procedure 
for  Method  III  outlined  in  Table  8.  If  a  sample  contains  aralkyl  hydro¬ 
peroxides,  it  is  best  to  delay  addition  of  the  hydrochloric  acid  for  a  few 
minutes  until  the  hydroperoxide  has  been  reduced,  to  avoid  partial 
destruction  of  the  sample  through  acid  cleavage.  With  the  di-terr-butvl 
peroxide,  on  the  contrary,  hydrochloric  acid  should  be  added  promptly  to 
avoid  losses  through  volatility  of  the  sample 

Not  more  than  2.0  ml  of  37%  hydrochloric  acid  should  be  used  Such 
additional  acid  would  give  a  weaker  rather  than  a  stronger  reducing 

m  VT®.  11  W°U  d  ,ncrease  ,he  water  content  of  the  system 

Methods  I,  II,  and  III  have  been  applied  to  many  pure  materials  and 
the  results  are  given  in  Tables  9  to  1 1.  materials,  and 

For  Method  I  the  relative  standard  deviation  *  calculated  with  21 
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Table  9.  Comparison  of  Methods  I,  II,  and  III  for  Aralkyl  Peroxides  and  Related 

Compounds 


Compound  Method  Recovery,  % 


a, o; -Dimethyl  benzyl  alcohol  (7-cumyl  alcohol) 

III 

99.0,  98.8 

a -Methylstyrene 

III 

97.0,  96.4 

Cumene  hydroperoxide 

I 

100.5,  100.6 

III 

100.6,  100.6 

p-Diisopropylbenzene  alcohol 

III 

95.0,  94.9 

p -Diisopropylbenzene  hydroperoxide 

I 

98.5,  98.7 

II 

99.6,  100.1 

III 

100.5,  99.9 

p-Diisopropylbenzene  alcohol  hydroperoxide 

I 

99.9,  99.9 

II 

99.9,  99.9 

III 

99.7,  100.0 

p-Diisopropylbenzene  dihydroperoxide 

I 

99.0 

II 

99.1,  99.1 

III 

98.7,  98.7 

m -Diisopropylbenzene  alcohol  hydroperoxide 

I 

98.4,  98.4 

II 

99.2,  99.3 

III 

98.6,  98.7 

m -Diisopropylbenzene  dihydroperoxide 

I 

99.1 

II 

99.4 

III 

97.8 

1,3, 5 -Triisopropylbenzene  dihydroperoxide 

I 

98.0,  98.1 

II 

98.6,  98.5 

III 

97.8 

1 ,3,5-Triisopropylbenzene  trihydroperoxide 

I 

95.0,  94.8 

II 

98.0,  96.8 

III 

97.6,  96.3 

Dicumyl  peroxide 

II 

92.3,  92.7 

III 

96.4,  96.3 

p-Diisopropylbenzene  peroxide 

11 

III 

89.4,  89.4 
89.3,  89.2 

degrees  of  freedom  (d.f.)  was  0.23%;  for  Method  II  with  26  d.f.,  <r  was 

0.30%;  and  for  Method  III  with  54  d.f.,  &  was  0.32%. 

From  the  data  in  Table  9  it  is  clear  that  aralkyl  hydroperoxides  liberate 
exactly  1  mole  of  iodine  per  mole  in  Methods  I  and  II,  and  exactly  2 
moles  per  mole  in  Method  III  (the  additional  mole  through  reduction  ot 
the  intermediate  alcohol  or  substituted  styrene  formed  from  the  hy¬ 
droperoxide).  It  is  also  clear  that  such  alcohols  and  styrenes  have  an 
eauallv  consistent  behavior,  whether  initially  present  in  a  sample  or 
formed  as  intermediates;  they  are  inert  in  Methods  I  and  II  and  liberate 
exactly  1  mole  of  iodine  per  mole  in  Method  III. 


Table  10.  Iodine  Liberation  in  Method  III  by  Terpenes  and 

Related  Compounds 


Compound 

Reaction 
Time,  min. 

Apparent 

Percentage 

Reacted 

Monofunctional  monocyclic 

terpenoids 

Cavomenthene 

60 

2.4 

3-Menthene 

65 

1.0 

Menthol 

120 

1.9 

c/s-Dihydro-o-terpineol 

60 

2.1 

120 

2.5 

Difunctional  monocyclic  terpenoids 

Dipentene 

15 

101.0 

75 

101.0 

Terpinolene 

15 

99.0 

75 

99.9 

o-Terpineol 

40 

99.9 

80 

99.4 

1,8-Terpin  hydrate 

15 

99.0 

60 

98.5 

Bicyclic  terpenoids,  reactive 

120 

99.5 

1,8-Cineole 

15 

99.8,  100.5 

70 

100.1 

100 

99.6 

A3-Carene 

15 

98.3,  98.4 

100  98.5,  97.4 

Bicyclic  terpenoids,  unreactive 


Camphene 

15 

4.0,  4.0 

60 

9.4 

120 

12.9 

180 

17.1 

Borneol 

120 

6  6 

Fenchyl  alcohol 

120 

3  7 

Bicyclic  terpenoids,  isomerization 

a-Pinene 

15 

21.2 

110 

26  8 

/3-Pinene 

15 

20.6 

110 

26  4 

czs  -  Met  hylnopinol 

15 

25.4 

120 

25  () 

trans-Methylnopinol 

15 

27.4 

120 

25.4 
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Table  11.  Iodine  Liberation  by  Miscellaneous  Compounds  in 

Method  III 


Compound 

Reaction 
Time,  min. 

Apparent 

Percentage 

Reacted 

p-Diisopropenylbenzene 

30 

99.5| of  2 

60 

98.5 1  moles 

1  -Phenylcyclohexene 

45 

7.8 

90 

15.5 

a,o:-Dimethylbenzyl  alcohol 
(7-cumyl  alcohol) 

50 

99.0,98.8 

1  -Phenylcyclohexanol 

60 

4.0 

1  -Methylcyclohexanol 

60 

2.9 

Styrene 

45 

63.4 

120 

77.3 

Styrene  oxide 

60 

161, 167, 167 

120 

179 

rrans-Stilbene 

60 

5.1 

Dimethoxystilbene 

30 

23.7 

60 

38.2 

Anethole 

30 

19.9 

60 

37.3 

Anisole 

60 

2.7 

At  the  end  of  Table  9  it  can  be  seen  that  p-diisopropylbenzene 
peroxide  liberated  precisely  3  times  as  much  iodine  in  Method  III  as  in 
Method  II,  but  with  less  than  90%  of  exact  stoichiometry.  Dicumyl 
peroxide  exceeded  this  performance  in  Method  III,  however,  liberating 
almost  3  moles  of  iodine  per  mole.  It  is  uncertain  which  peroxide  is  the 

more  typical. 

Many  nonperoxidic  compounds  are  reduced  under  the  conditions  of 
Method  III  either  partially  or  quantitatively  (Table  10  and  11). 


Ferrous  Thiocyanate  Colorimetric  Method 

Study  of  C.  D.  Wagner,  H.  L.  Clever,  and  E.  D.  Peters 

[Reprinted  with  Permission  from  Anal.  Chem.,  19 ,  9S0--  (1947)] 

Ferrous  ion  has  been  used  extensively  as  a  reducing  agent  for  the 
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determination  of  organic  peroxides.  One  of  the  common  methods  involv¬ 
ing  ferrous  ion,  originally  proposed  by  Young,  Vogt,  and  Nieuwland  (1  ), 
comprises  reduction  of  the  sample  in  an  acidified  solution  of  ferrous 
thiocyanate  in  methanol,  followed  by  measurement  of  the  depth  of  color 
of  the  ferric  thiocyanate  produced.  Bolland,  Sundralingam,  Sutton,  and 
Tristram  (15)  used  this  method  with  slight  variations  in  rubber  research, 
and  Farmer  et  al.  (16)  based  theoretical  conclusions  on  results  using  this 
method.  Lips,  Chapman,  and  McFarlane  (11)  used  a  similar  method  with 

acetone  as  solvent  in  place  of  methanol. 

Young,  Vogt,  and  Nieuwland  (14)  based  their  claim  for  accuracy  of  the 
method  on  determinations  of  pure  succinyl  peroxide.  Bolland  et  al.  (15) 
obtained  analyses  close  to  theoretical  on  succinyl  peroxide,  dihydroxy- 
heptyl  peroxide,  and  cyclohexene  peroxide.  However  Lea  (2),  using  a 
method  similar  to  that  of  Lips,  Chapman,  and  McFarlane  (11),  discovered 
that  when  air  was  carefully  removed  from  both  sample  and  reagent,  the 
results  were  only  10  to  30%  of  those  obtained  without  such  treatment;  he 
concluded  that  atmospheric  oxygen  and  dissolved  oxygen  were  oxidizing 
ferrous  ion  in  the  presence  of  peroxide  (although  little  atmospheric 
oxidation  takes  place  in  the  absence  of  peroxide)  and,  therefore,  that  the 
results  included  very  large  positive  errors. 

In  view  of  the  conflicting  reports  of  accurate  values  on  known  perox¬ 
ides  on  the  one  hand,  and  oxidation  by  air  to  produce  high  results,  on  the 
other  hand,  experiments  were  undertaken  to  resolve  these  differences.  By 
using  the  method  of  Bolland,  Sundralingam,  Sutton,  and  Tristram,  essen¬ 
tially  accurate  results  were  obtained  on  pure  ferr-butyl  hydroperoxide, 
<*, a -dimethyl-benzyl  hydroperoxide  (cumene  peroxide),  and  tetrahy- 
dronaphthyl  hydroperoxide  (tetralin  peroxide).  With  autoxidized  mono- 
olefins  good  agreement  was  obtained  between  results  by  the  sodium 
iodide-isopropyl  alcohol  and  colorimetric  methods.  In  all  colorimetric 
analyses  wherein  oxygen  was  carefully  excluded,  however,  the  observa¬ 
tions  of  Lea  (2)  were  substantiated.  Furthermore,  it  was  found  that  no 
additional  color  developed  when  air  was  passed  through  the  mixture  of 
oxygen-free  sample  and  reagent,  which  indicates  complete  destruction  of 
peroxides  largely  by  decomposition  rather  than  reduction.  It  therefore 
appears  that  dissolved  oxygen  is  necessary  in  this  method,  either  to  speed 

up  the  reduction  reaction  or  to  inhibit  the  ferrous  ion-catalyzed  decom¬ 
position. 


*4  (~i936)Y°Un8'  R  R'  Vogt’  and  A-  Nieuwland,  Ind.  Eng.  Chem.,  Anal.  Ed..  8,  198-9 

15'  LL;  17,"29d(1941S)UndraHn8am'  A'  SUMOn-  and  R'  TriS,ram-  Trans ■  ,nst ■  Rubbe' 
16'  LH  38!r3T8r’(lG942)  B'00mfield’  A'  a"d  D'  A-  Su«o„,  Trans.  Faraday 
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As  a  result  of  these  studies,  the  colorimetric  method  is  recommended 
as  the  best  for  frequent  analyses  of  materials  containing  only  small 
amounts  of  peroxides.  For  materials  (except  diolefins)  containing  large 
amounts  of  peroxides,  the  iodometric  method  is  more  precise  and  accu¬ 
rate.  The  colorimetric  method  is  not  well  suited  for  materials  containing 
polymer,  particularly  diolefins,  because  of  turbidity  caused  by  insoluble 
high  polymers. 


ANALYTICAL  METHOD 


APPARATUS 

A  Spekker  photoelectric  absorptiometer  was  used  equipped  with  blue  No.  6 
and  green  No.  5  filters  and  absorption  cells  allowing  the  light  to  pass  through  a 
layer  of  solution  1  cm  thick.* 

REAGENT 

ferrous  thiocyanate  soeution.  Dissolve  1  gram  of  CP  ammonium  thiocya¬ 
nate  and  1  ml  of  25%  by  weight  of  sulfuric  acid  in  200  ml  of  CP  deaerated 
methanol,  and  shake  the  resulting  solution  with  0.2  gram  of  finely  pulverized 
ferrous  ammonium  sulfate.  Place  the  decanted  reagent  (prepared  fresh  daily)  in  a 
brown  glass-stoppered  bottle. 


PROCEDURE 

Introduce  1  ml  of  sample  preferably  containing  between  0.0001  and 
0.0007  meq.  of  reactive  peroxide  into  a  25-ml  volumetric  flask.  (If 
necessary,  use  1  ml  of  a  suitable  methanol  dilution  of  the  sample.)  Fill  to 
the  mark  with  ferrous  thiocyanate  reagent,  mix  well,  and  fill  the  colorime¬ 
ter  cell  with  the  mixture.  At  10  minutes  from  the  time  of  mixing  read  the 
optical  density  and  convert  the  value,  corrected  by  a  blank  determination, 
to  terms  of  concentration  by  comparing  it  with  the  optical  density 
calibration  curve  obtained  by  use  of  corresponding  known  amounts  of 
standard  ferric  chloride  solutions. 


*  Note  by  Siggia.  Any  cohor  comparator  or  spectrophotometer  can  be  adapted,  usually 
with  little  or  no  change  in  conditions. 
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experimental 
materials  used 

Samples  of  tetralin  peroxide,  cumene  peroxide,  tert- butyl  hydroperox¬ 
ide,  and  30%  hydrogen  peroxide  and  autoxidized  samples  of  diiso¬ 
butylene,  2-pentene,  cyclohexene,  methylpentadiene,  and  diethyl  ether 
were  identical  with  those  used  in  experiments  reported  in  a  previous  paper 
(17).  (See  pp.  325-36). 


APPLICABILITY  AND  ACCURACY 

The  listed  materials  were  analyzed  by  the  colorimetric  method  and  also 
by  the  sodium  iodide-isopropyl  alcohol  method  (17).  Results  given  in 
Table  12  show  that  the  two  methods  agree  reasonably  well  in  most  cases. 

Table  12.  Accuracy  of  Colorimetric  Peroxide  Method  Com¬ 
pared  to  Sodium  Iodide-Isopropyl  Alcohol  Method 

Sodium  Iodide- 
Isopropyl 

Alcohol  Colorimetric 
Material  Method  Method 


Apparent  Peroxide  Content,  % 


tert- Butyl  hydroperoxide 

99.8 

105 

Cumene  peroxide 

94.2 

112 

Tetralin  peroxide 

95.4 

95 

Hydrogen  peroxide,  30% 

29.2 

24 

Peroxide  No.,  Milliequivalents  per  Liter 

Cyclohexene 

121 

120 

2-Pentene 

51 

48 

Diisobutylene 

19.7 

19 

Diethyl  ether 

12.2 

7, 

Methylpentadiene 

61 

266 

P0t0r  af.ree™ent  was  Gained  on  ether  and  methylpentadiene  (a  conju¬ 
gated  diolefin).  In  the  latter  case,  the  reduction  reaction  was  slow  and 
incomplete  with  both  methods,  indicating  that  both  disagreed  results 

;  r  *  c”p:”' value- Benzoyl  p'r“We  «*»  -»«<'  <4  4,“ 

th  ,he  ferrous  thiocyanate  reagent.  Since  results  close  to  theoretical 

17.  C.  D.  Wagner,  R.  H.  Smith,  and  E.  D.  Peters,  Anal.  Chem..  19,  976-9  (1947,. 
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(considering  the  low  precision  of  the  colorimetric  method)  were  obtained 
on  the  pure  hydroperoxides,  there  is  reason  to  believe  that  the  colorimet¬ 
ric  method  is  fundamentally  accurate  when  applied  to  autoxidized  materi¬ 
als  containing  only  isolated  double  bonds. 


EFFECTS  OF  SAMPLE  SIZE  AND  REACTION  TIME 

The  hydroperoxides  react  quickly;  the  optical  density  increases  rapidly 
during  the  first  2  minutes  and  thereafter  remains  constant.  However  the 
peroxides  in  methylpentadiene,  which  are  presumably  of  the  bridge  type 
described  by  Bodendorff  (12),  react  very  slowly  (Table  13).  Sample  size 
does  not  seem  to  influence  results  appreciably  on  any  of  the  materials 
tested  (Tables  13  and  14).  The  absence  of  an  effect  of  sample  size  with 
methylpentadiene  seems  odd  in  view  of  the  pronounced  effect  of  this 
variable  on  results  for  conjugated  diolefins  by  the  sodium  iodide  method. 

Table  13.  Effects  of  Sample  Size  and  Reaction  Time  on 
Results  for  Autoxidized  Methylpentadiene  by  Colorimetric 

Peroxide  Method 

Sample  Peroxide  No.,  Milliequivalents  per  Litera 

Dilution  in  - 

Methanol  2.5  5  10  20  40 

min.  min.  min.  min.  min. 


1:500  170  230  300  365  430 

1:1000  160  230  300  360  410 


a  Referred  to  original  sample  before  dilution. 


EFFECTS  OF  OXYGEN  CONCENTRATION 


To  remove  dissolved  oxygen  from  the  sample  and  reagent  before 
mixing,  an  apparatus  similar  to  that  described  by  Lea  (2)  was  used  (Fig. 

6.2). 

Nitrogen,  from  which  oxygen  had  been  removed  by  passage  over 
copper  at  700°C,  was  passed  for  15  minutes  through  the  1  ml  of  sample  in 
the  cylinder  and  then  through  the  reagent  in  the  funnel.  At  the  end  of  this 
period  the  reagent  was  allowed  to  mix  with  the  sample,  and  a  portion  o 
The  mixture  was  removed  (with  nitrogen  being  bubbled  through  the 
solution)  via  a  nitrogen-filled  pipet  to  fill  a  colorimeter  cell  through 
which  nitrogen  was  passed  by  means  of  a  special  cover  (Fig.  6.3).  After  a 
glass  stopper  was  placed  in  the  ground  joint  and  the  stopcock  closed,  th 


Table  14.  Effects  of  Sample  Size  on  Results  by  Colorimetric 

Peroxide  Method 


Sample 

Dilution 

Peroxide  No., 
Milliequivalents 
per  Liter 

/^/7-Butyl  hydroperoxide 

40.2  mg./l. 

0.96a 

in  methanol 

20.1  mg./l. 

0.48a 

Cyclohexene 

1 :200 

98  to  104 

1  :400 

108  to  112 

Diisobutylene 

1  : 25 

16  to  17 

1 :50 

16  to  17 

2-Pentene 

1 :200 

62  to  70 

7:4000 

46  to  57 

Diethyl  ether 

1 :5 

2.35 

1  : 10 

2.20 

a  Results  quoted  on  dilute  solution  of  pure  peroxide;  all 
others  refer  to  original  sample  before  dilution. 


Fig.  6.2.  Apparatus  for  changing  dissolved  gas 
in  reagent  and  sample  before  mixing. 


Fig.  6.3.  Calorim¬ 
eter  cell  with  cover 
for  air  exclusion. 
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tubing  conveying  the  nitrogen  was  removed  and  the  optical  density  of  the 
solution  determined. 

The  third  column  of  Table  15  substantiates  the  observation  of  Lea  (2) 
that  much  lower  results  are  obtained  in  the  absence  of  oxygen.  As  a  check 
on  the  effect  of  the  passage  of  gas  through  the  materials,  air  was  passed 
through  the  sample  and  reagent  before  mixing  in  exactly  the  same  way  as 


Table  15.  Effects  of  Oxygen  Concentration  on  Results  by  Colorimetric  Peroxide 

Method 


Sample 


10  Min. 
N,, 


10  Min. 

Mixed, 

Air, 

10  Min. 

Then 

5  Min. 

Prescribed 

Then 

N2,  Then 

5  Min. 

02,  Then 

Procedure 

Mixed 

Mixed 

Air 

Mixed 

Apparent  Peroxide  Content,  % 
tert- Butyl  hydroperoxide 


in  methanol 

94 

96 

63 

56 

— 

Tetralin  peroxide  in 
methanol 

98 

68 

4 

6 

91 

29.4%  hydrogen  peroxide 
in  methanol 

23.5 

— 

15.4 

15.4 

— 

Peroxide 

Cyclohexene 

No.,  Mi 
120 

Uiequivalents  per  Liter 
120  20 

44 

108 

2-Pentene 

48 

53 

11 

11 

— 

Diisobutylene 

19 

21 

4 

4 

— 

Methylpentadiene 

266 

246 

193 

180 

— 

Diethyl  ether 

2.3 

— 

0.8 

0.8 

— 

for  nitrogen.  The  second  column  shows  that  good  agreement  is  obtained 
with  the  results  by  the  prescribed  method  except  for  pure  tetralin  perox¬ 
ide,  which  is  somewhat  anomalous.  When  air  was  added  after  mixing  the 
deaerated  sample  and  reagent,  no  deepening  of  color  occurred,  as  shown 
in  the  fourth  column.  This  demonstrates  that  the  peroxide  (nondiolefin)  is 
completely  and  rapidly  destroyed  in  the  presence  of  ferrous  ion  by  both 
reduction  and  decomposition.  In  the  presence  of  molecular  oxygen,  the 
reduction  reaction  takes  place  much  more  rapidly  than  the  decomposition 
reaction;  in  the  absence  of  molecular  oxygen  the  reverse  is  true,  and  only 
a  small  quantity  of  ferric  thiocyanate  is  formed.  Use  of  oxygen  in  place  o 
nitrogen  gave  approximately  normal  values,  verifying  the  conclusion  that 
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a  certain  amount  of  oxygen  is  necessary  to  obtain  quantitative  results  and 
that  the  effect  is  not  one  of  oxidation  of  ferrous  ion  by  molecular  oxygen. 

In  the  absence  of  oxygen,  lower  values  are  also  obtained  on  methylpen- 
tadiene,  although  the  degree  of  lowering  is  less  marked.  The  presence  or 
absence  of  oxygen  seems  to  have  no  influence  on  the  rate  of  reduction  of 
the  peroxides  remaining  after  mixing,  since  the  optical  density  after 
mixing  increases  slowly  and  at  about  the  same  rate,  whether  oxygen  is 
present  or  not.  This  suggests  that  the  hydroperoxides  are  destroyed 
rapidly  upon  mixing  the  reagent  and  sample,  leaving  only  the  bridge-type 
peroxides  intact. 


Ferrous-Titanous  Reduction  Method 


Study  of  C.  D.  Wagner,  R.  H.  Smith,  and  E.  D.  Peters 


[ Reprinted  with  Permission  from  Anal.  Chem .,  19,  982-4  (1947)] 


In  1931  Yule  and  Wilson  (18)  reported  that  peroxides  in  gasolines 
could  be  quickly  and  conveniently  determined  by  reducing  them  with 
ferrous  thiocyanate  in  aqueous  acetone  and  titrating  the  resulting  ferric 
thiocyanate  with  standard  titanous  solution.  They  used  results  obtained  in 
this  way  chiefly  as  a  measure  of  the  gum-forming  tendencies  of  the 
gasoline  and  stated  that  other  methods  were  less  suitable,  although  they 
recognized  that  the  results  by  the  ferrous-titanous  method  did  not 
represent  actual  peroxide  content.  The  latter  fact  was  evident  in  view  of 
dependence  of  results  on  sample  size  and  given  the  observation  that 
certain  materials  treated  with  ferrous  sulfate  contained  peroxides  capable 
of  oxidizing  iodide  ion.  Their  choice  of  the  ferrous-titanous  method  over 
the  iodometric  methods  was  based  on  the  greater  sensitivity  of  the 
ferrous-titanous  method  compared  with  that  of  the  Marks  and  Morrell 
method  (3),  with  which  high  and  variable  blanks  are  obtained  [the  blanks 
by  the  modified  Kokatnur  and  Jelling  method  (7,  17)  are  negligible]. 

Evidence  has  been  obtained  (17,  19)  that  the  sodium  iodide-isopropyl 
alcohol  method  adapted  from  that  of  Kokatnur  and  Jelling  (7)  and  the 
ferrous  thiocyanate  colorimetric  method  of  Young,  Vogt,  and  Nieuwland 
(14)  are  both  basically  accurate  for  the  determination  of  peroxides  in 
autoxidized  materials  which  contain  no  conjugated  diolefins.  It  was  found 
that  both  methods  give  only  empirical  results  on  conjugated  diolefin 
samples  because  of  the  slow  rate  at  which  such  peroxides  are  reduced  and 
possibly  because  of  side  reaction.  In  continuation  of  this  study  and  in  view 


!q  r  ^  CwYU,e  aPd  C'  P'  Wi,son’  Ind •  En&  Chem..  23,  1254  (1931). 

pp.  342-49)nCr’  H  L  C,ever’  and  E-  D*  Peters’  Chem.,  19,  980-2  (1947)  (See 
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of- the  wide  use  of  the  Yule  and  Wilson  method,  particularly  in  the 
petroleum  industry,  studies  were  made  to  determine  its  fundamental 
accuracy  in  the  determination  of  peroxides  in  autoxidized  materials  and 
to  compare  it  with  other  methods.  Since  the  correction  factors  and 
dilutions  prescribed  by  Yule  and  Wilson  (18)  were  admittedly  arbitrary, 
they  have  not  been  applied  in  the  work  described  by  Wagner,  Smith,  and 
Peters. 

Specific  peroxides  of  known  purity,  such  as  tetrahydronaphthyl  hyd¬ 
roperoxide  (tetralin  peroxide),  a,a-dimethylbenzyl  hydroperoxide 
(cumene  peroxide),  tert- butyl  hydroperoxide,  benzoyl  peroxide,  and  hyd¬ 
rogen  peroxide  gave  results  ranging  from  12  to  80%  of  theoretical,  with 
rather  precise  values  for  any  given  material.  Results  on  autoxidized 
materials  (nondienes)  were  generally  from  20  to  60%  of  those  by  the 
sodium  iodide  method.  Therefore,  the  evidence  was  strong  that  results  by 
the  ferrous-titanous  method  are  generally  very  low.  Yule  and  Wilson 
ascribed  this  tendency  to  decomposition  of  peroxides  in  the  presence  of 
ferrous  ion  to  form  nonoxidizing  products  (such  reactions  with  tetralin 


peroxide  and  other  peroxides  are  well  known),  and  stability  of  some 
peroxides  toward  reduction  by  ferrous  ion. 

Yule  and  Wilson  did  not  report  the  effect  of  molecular  oxygen  con¬ 
centration  on  results  by  their  method,  but  Lea  (2),  employing  a  similar 
method,  proved  that  values  with  air  excluded  were  only  a  fraction  of 
those  obtained  by  the  usual  procedure  performed  in  the  presence  of  air. 
He  concluded  that  atmospheric  and  dissolved  oxygen  was  oxidizing 
ferrous  ion  in  the  presence  of  peroxide  and  that  in  the  absence  of 
peroxides  such  an  oxidation  was  insignificant.  The  effect  of  lack  of  oxygen 
has  previously  been  recognized  by  Wagner,  Smith,  and  Peters,  who  had 
drawn  similar  conclusions.  However  in  no  cases  were  the  values  obtained 

known  to  be  higher  than  the  theoretical  ones. 

In  the  light  of  later  studies  with  the  colorimetric  method  ( 15)  indicating 

that  values  obtained  on  autoxidized  rubber  samples  were  in  no  case 
higher  than  warranted  by  the  amount  of  oxygen  absorbed  by  the  rubber,  it 
seemed  more  likely  that  oxygen  either  catalyzes  the  reduction  reaction  or 
inhibits  the  ferrous  ion-catalyzed  decomposition  reaction^  Failure  to 
obtain  quantitative  reduction  of  peroxides  of  known  purity  by  the  Yule- 
wT„  method,  even  i„  the  p,e*hee  of  oxygen  b  » '~J“, 

ratio  of  dissolved  oxygen  to  peroxide,  this  ratio  being 

cme^hund'redth  that  Obtaining  with  the  ferrous  £ 

method  The  dependence  of  results  on  sample  size  (peroxide  conce 
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useful,  the  extent  of  dependence  of  precision  on  the  manipulative  vari¬ 
ables  was  studied.  On  conjugated  diolefins,  results  were  found  to  be 
critically  dependent  on  sample  size,  time  of  reaction,  and  temperature;  on 
the  rapidly  reacting  nondienes,  only  sample  size  had  any  effect. 


ANALYTICAL  METHOD 

REAGENTS 

Ferric  chloride  solution,  standard  0.1N. 

ferrous  thiocyanate  solution.  Dissolve  5  grams  of  ferrous  sulfate  and 
5  grams  of  ammonium  thiocyanate  in  500  ml  of  distilled  water  and  500  ml  of 
acetone.  Add  about  1  gram  of  pure  iron  wire  and  5  ml  of  concentrated  sulfuric 
acid,  and  expel  air  by  passing  hydrogen  or  carbon  dioxide  through  the  solution. 
Store  the  solution  in  an  all-glass  system  under  hydrogen;  use  when  the  red  color 
has  disappeared. 

titanous  sulfate  solution,  standard  0.0 IN.  Heat  a  mixture  of  20  ml  of  CP 
concentrated  sulfuric  acid  and  80  ml  of  water  to  70°C  and  add  in  small  portions 
0.6  gram  of  titanium  hydride  powder  (obtainable  from  Metal  Hydrides,  Inc., 
Beverly,  Mass.,  under  the  trade  name  Altertan).  When  the  reaction  subsides,  boil 
the  solution  on  a  hot  plate  for  2  minutes,  then  pour  it  into  about  900  ml  of 
distilled  water,  freshly  deaerated  with  carbon  dioxide.  After  the  undissolved 
material  has  settled,  siphon  the  supernatant  liquid  into  a  dark  storage  bottle 
previously  filled  with  carbon  dioxide.  Store  the  solution  under  hydrogen,  dispense 
from  an  all-glass  system,  and  standardize  daily  against  the  standard  ferric  chloride 
solution  in  the  presence  of  thiocyanate  ions. 

PROCEDURE 

Measure  50  ml  of  ferrous  thiocyanate  solution  into  a  250-ml  glass- 
stoppered  Erlenmeyer  flask  and  discharge  any  red  color  with  the 
minimum  amount  of  titanous  solution.  Bring  the  solution  to  25±2°C, 
add  the  sample  containing  up  to  5  meq.  of  peroxide,  stopper  the  flask, 
shake  vigorously  for  5  minutes  ±5  seconds,  and  titrate  with  standard 
titanous  solution  to  the  disappearance  of  the  red  color. 

EXPERIMENTAL 

MATERIALS  USED 

ferr-butyl  hydroperox- 
,  and  ascaridole,  and 
cyclohexene,  tetralin. 


Samples  of  tetralin  peroxide,  cumene  peroxic 
ide,  30%  hydrogen  peroxide,  benzoyl  peroxi 
autoxidized  samples  of  diisobutylene,  2-pentei 


352 


Quantitative  Organic  Analysis 


methylpentadiene,  isoprene,  and  diethyl  ether;  these  were  identical  with 
those  used  in  experiments  reported  in  Ref.  17. 


ACCURACY 


The  method  was  applied  to  several  of  the  known  peroxides  to  check  its 
accuracy.  As  shown  in  Table  16,  the  recoveries  with  hydroperoxides  are 
invariably  far  below  theoretical  or  below  that  for  the  sodium  iodide- 
isopropyl  alcohol  method. 


Table  16.  Comparison  of  Results  on  Known  Peroxides  by  Ferrous-Titanous  and 

Sodium  Iodide-Isopropyl  Alcohol  Methods 


Peroxide  Peroxide  Purity  Found 

Peroxide  Concentration - — - 

G./l.a  Sodium  Iodide  Ferrous-Titanous 
Method  Method 

Per  cent  by  weight 


Tetralin  peroxide 

7.92 

98.3,  98.4 

25.5,  27.0 

Cumene  peroxide 

13.86 

94.2 

73.5 

/^/7-Butyl  hydroperoxide 

6.59 

98.3,  98.5 

78.7,  79.1 

Hydrogen  peroxide  (29.9%) 

11.59 

29.4 

12.2 

Benzoyl  peroxide 

10.10 

98.7,  99.0 

13.6,  13.9 

Ascaridole 

8.40 

25.7 

31.7 

a  Benzene  (C.P.  thiophene-free)  used  as  solvent  except  in  case  of  hydrogen 

peroxide,  which  was  dissolved  in  water.  5  ml.  of  solution  used  in  all  cases. 


Of  the  peroxides  tested,  only  tetralin  peroxide  and  cumene  peroxide 
were  formed  by  natural  autoxidation,  but  the  results  obtained  on  those 
demonstrated  that  the  ferrous-titanous  method  is  inaccurate  on  even  the 
simplest  peroxides,  whereas  the  iodometric  method  gives  sa,is%  ory 
accuracy  (17).  The  fact  that  the  ferrous-titanous  results  are  dependent 
sample  size  indicates,  however,  that  it  may  be  possible  to  obtain  theoreti- 
calresultsVn  samples  containing  only  very  small  amounts  of  peroxides. 
Comparative  data  obtained  on  typical  samples  of  autoxidized  materia  - 

3r  Comparison^ 0^  the'  Analyses  of  the  nondio.efinic  samples  shows  omsid- 
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Table  17.  Comparison  of  Results  on  An. oxidized  Materials  by  Ferrous-Titanons  and 

indium  Iodide-Isopropyl  Alcohol  Methods 


Peroxide  No., 
Milliequivalents  per  Liter 

Material0 - 

Sodium  Iodide  Ferrous-Titanous 

Method  Method 


Diisobutylene 

35.7,  36.9 

25.2 

15.9 

2-Pentene 

40.8,  41.6 

16.0, 

Cyclohexene 

85.0,  84.5 

20.6, 

20.6 

Tetralin 

91.4,  90.8 

18.6, 

18.0 

Diethyl  ether 

12.2,  12.4 

7.2, 

7.4 

Methylpentadiene 

65.9,  68.5 

88.0, 

89.2 

Isoprene 

58.8,  57.1 

67.7, 

66.1 

a  5  ml.  of  sample  used  in  all  cases. 

of  olefins  are,  in  fact,  hydroperoxides.  On  the  other  hand,  Bodendorff 
(12)  has  shown  that  conjugated  diolefins  form  bridge-type  peroxides  by 
1,4-addition  of  molecular  oxygen  intramolecularly  or  intermolecularly. 
These  substances  react  slowly  with  ferrous  ion  as  well  as  with  iodide  ion, 
the  results  with  both  methods  being  purely  empirical.  Ascaridole,  a  pure 
monomeric  1,4-bridge-type  peroxide,  behaves  in  the  same  manner,  react¬ 
ing  slowly  and  incompletely  with  both  iodide  ion  and  ferrous  ion. 


OXYGEN  EFFECT 

To  test  the  oxygen  effect,  noted  by  Lea  (2),  experiments  were  per¬ 
formed  in  which  carbon  dioxide  or  oxygen  was  passed  through  the 
reagent  for  2  minutes  before  adding  the  sample  and  shaking  the  mixture, 
and  also  during  the  titration.  Results,  compared  with  those  obtained  with 
an  air  atmosphere,  are  shown  in  Table  18.  Blank  corrections,  which  were 
always  very  small,  were  applied  in  each  case. 

The  dependence  on  oxygen  concentration  is  very  evident.  Moreover,  as 
was  the  case  with  the  colorimetric  method  (19),  no  further  coloration 
appears  upon  passage  ot  air  or  oxygen  into  the  mixture  after  a  sample  of 
an  autoxidized  nondiolefin  has  been  reduced  under  carbon  dioxide  and 
titrated.  This  indicates  that  the  peroxides  have  been  entirely  destroyed, 
although  they  have  been  only  partially  reduced  by  ferrous  ion.  This  is 
evidence  for  the  conclusion  that  oxygen  either  catalyzes  the  reduction 
reaction  or  inhibits  the  decomposition  reaction. 
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Table  18.  Effects  of  Oxygen  Concentration  on  Results  by 

Ferrous-Titanous  Method 


Purging  Gas  Used 


co2 

Air 

o2 

Apparent  Peroxide  Content,  %a 

Tetralin  peroxide 

6.4 

24.0 

56.9 

Cumene  peroxide 

58.3 

73.2 

— 

tert-Butyl  hydroperoxide 

57.1 

61.8 

64.2 

Hydrogen  peroxide 

11.7 

12.2 

13.8 

Benzoyl  peroxide 

15.4 

18.8 

18.0 

Ascaridole 

9.2 

31.7 

39.2 

Peroxide  Number,  Milliequivalents  per  Liter 

Diisobutylene 

1.3 

2.2 

2.4 

2-Pentene 

5.2 

17.6 

30.7 

Cyclohexene 

6.7 

20.6 

46.8 

Tetralin 

2.2 

16.9 

41.1 

Methylpentadiene 

2.4 

23.8 

23.8 

Isoprene 

9.0 

60.0 

65.3 

Diethyl  ether 

3.6 

7.4 

°  Hydrogen  peroxide  diluted  with  water;  all  other 
known  peroxides  dissolved  in  C.P .  benzene.  5-ml.  samples 


used. 


In  contrast  to  the  colorimetric  method,  results  even  in  the  presence  of 
pure  oxygen  are  considerably  below  theoretical.  These  results  are  under¬ 
standable  if  we  assume  that  the  concentration  of  oxygen  necessary  for 
quantitative  reduction  of  the  peroxides  is  dependent  on  the =  perox.de 
concentration;  the  ratio  dissolved  oxygen  to  perox.de  is  roughly -one 
hundredth  as  great  with  the  ferrous-titranous  method  as  w.th  the  col 

orimetric  method  (19). 

dependence  on  manipulative  variables 
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of  the  method,  various  materials  were  analyzed,  using  variations  in  time 
of  shaking,  sample  size,  and  reaction  temperature.  Results  (Tables  19  and 

Table  19.  Effects  of  Time  of  Shaking  and  Sample  Size  in  Determination  of  Known 

Peroxides  by  Ferrous-Titanous  Method 


Apparent  Peroxide  Content,  %W  of  Original  Sample 

Time  of  Shaking 

Sample  Size 

1  min. 

5  min. 

15  min. 

10  ml. 

5  ml. 

2  ml. 

Tetralin  peroxide 

23.1 

22.1 

24.5 

20.6 

22.1 

39.1 

/e/7-Butyl  hydroperoxide 

80.8 

80.6 

80.6 

68.8 

80.6 

90.0 

Hydrogen  peroxide0 

14.8 

14.1 

14.0 

13.5 

14.1 

14.5 

Benzoyl  peroxide 

6.5 

15.0 

31.9 

— 

15.0 

27.1 

Ascaridole 

31.7 

31.7 

30.4 

29.2 

31.7 

38. 1 

°  Solutions  in  water;  all  others  made  up  in  C.P.  benzene,  about  10  grams  per 
liter.  Hydrogen  peroxide  original  solution  actually  about  30%.  5  ml.  samples 
used  unless  otherwise  specified. 


20)  show  that  the  behavior  of  peroxides  in  conjugated  diolefins  is  in  sharp 
contrast  with  the  behavior  of  those  obtained  from  compounds  with 
isolated  double  bonds  or  ether  linkages.  Peroxides  in  conjugated  dienes 
are  slow  reacting,  and  results  are  affected  by  sample  size,  temperature, 

Table  20.  Effects  of  Manipulative  Variables  on  Results  for  Autoxidized  Materials  by 

Ferrous-Titanous  Method 

Peroxide  No.,  Milliequivalents  per  Liter 


Time  of  Shaking 


Reaction 

Sample  Size  Temperature0,  °C 


Material 

1 

min. 

5 

min. 

15 

min. 

10 

ml. 

5 

ml. 

2 

ml. 

15 

30 

Diisobutylene 

2.0 

2.2 

2.2 

2.0 

2.2 

2.7 

2.2 

2-Pentene 

17.7 

17.6 

16.5 

— 

15.7 

21.5 

17.4 

15.6 

Cyclohexene 

29.0 

29.4 

27.0 

— 

29.4 

45.8 

23.5 

21.6 

Tetralin 

21.8 

20.8 

22.0 

— 

20.9 

40.0 

18.2 

16  8 

Diethyl  ether 

8.3 

8.2 

7.3 

7.5 

8.2 

8.6 

Isoprene 

25 

60 

103 

36 

64 

99 

37.8 

70  1 

Methylpentadiene 

43 

90 

140 

— 

90 

144 

13.7 

29.3 

temperature  before  addition  of  sample. 
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and  oxygen  concentration.  Peroxides  in  the  other  materials  react  almost 
instantaneously,  and  results  depend  only  on  oxygen  concentration  and,  to 
a  lesser  extent,  on  sample  size.  These  results  are  consistent  with  the  fact 
that  peroxides  in  mono-olefins,  and  probably  those  in  ethers,  are  the 
rapidly  reacting  alkyl  hydroperoxides,  whereas  those  in  conjugated 
diolefins  are  the  slow-reacting  bridge-type  peroxides.  It  is  evident  that 
with  the  latter,  precise  results  are  obtainable  only  if  variables  in  the 
analysis  are  controlled  rather  closely.  Benzoyl  peroxide  is  a  special  case, 
reacting  fairly  rapidly  with  iodide  ion  but  only  slowly  with  ferrous  ion. 
Ascaridole,  although  it  is  a  typical  diolefin  peroxide  monomer,  seems  to 
react  rapidly  in  contrast  to  autozidized  diolefins.  The  slow-reacting 
diolefin  peroxides  may  be  the  polymeric  peroxide  types  mentioned  by 
Bodendorff  (12)  rather  than  the  monomeric  bridge-type  forms. 

Leuco  Methylene  Blue  Method 


Method  of  M.  I.  Eiss  and  P.  Giesecke 


[ Reprinted  in  Part  from  Anal.  Chem .,  31,  1558-60  (1959)] 

A  method  using  leuco  methylene  blue  as  a  reagent  for  peroxides  was 
proposed  by  Ueberreiter  and  Sorge  in  1956  (20).  The  leuco  base  was  not 
available  in  a  usable  form,  however,  because  of  its  extreme  instability.  It 
was  difficult  to  synthesize  and  troublesome  to  store. 

Benzoyl  leuco  methylene  blue  was  found  to  be  a  new  sensitive  col¬ 
orimetric  reagent  for  organic  peroxides.  In  a  benzene-trichloroacetic  acid 
solution,  it  reacted  with  peroxides  and  hydroperoxides  to  form  the 
characteristic  methylene  blue  color  (Fig.  6.4). 


c=o 


Methylene  blue  cation 

Benzoyl  leuco  methylene  blue 

20.  G.  Sorge  and  K.  Ueberreiter,  Angew.  Chem.,  68,  486-91  (1956). 
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Wavelength,  m^u 


Fig.  6.4.  Spectrophotometric  curves  of  methylene 
blue  system:  a,  no  active  oxygen;  b,  3y  active  ox¬ 
ygen. 


The  reagent  was  stable  in  its  crystalline  form  and  storable  in  a  re¬ 
frigerator  under  normal  conditions.  It  was  not  greatly  affected  by  air,  and 
in  benzene  solution  it  could  be  stored  in  a  brown  bottle  at  room 
temperature.  Benzoyl  leuco  methylene  blue  was  affected  by  ultraviolet 
light  (it  turned  blue  rapidly,  therefore  had  to  be  kept  out  of  sunlight)  and, 
to  a  lesser  degree,  by  heat  and  artificial  light.  However  the  benzoyl  leuco 
dye-peroxide  reaction  was  fairly  slow.  A  hydroperoxide  of  the  tert-buty\ 
type  required  36  hours  to  react  at  room  temperature,  and  benzoyl 
peroxide  took  over  120  hours. 

An  attempt  was  made  to  find  a  method  of  accelerating  the  color 
development  by  speeding  up  the  decomposition  of  the  peroxide  and,  at 
the  same  time,  maintaining  a  good  level  of  accuracy.  Several  heating 
variations  were  attempted,  but  even  though  the  reaction  was  accelerated 
the  results  were  not  quantitative.  Light  was  also  found  to  increase  the 
reaction  rate,  but  it  caused  a  marked  decrease  in  reproducibility 

It  was  thought  that  amines  and  cobalt  naphthenate  would  increase  the 
rate  of  color  development  by  quickly  decomposing  the  peroxides.  Several 
amines  and  amides  were  tried,  but  they  did  not  have  the  required  speed. 
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Cobalt  naphthenate  was  reported  to  be  a  useful  compound  for  decompos¬ 
ing  peroxides.  It  did  not  increase  the  rate  of  this  reaction,  however.  An 
investigation  of  all  available  metallic  naphthenates  was  undertaken.  Table 
21  lists  the  metals  and  their  effects  on  the  reaction.  Zirconium  was  found 
to  give  the  fastest  reaction  time  and  still  have  a  reasonable  reagent  blank. 
Zinc  and  lead  produced  some  increase  of  color  development  but  were  not 
as  good  as  the  zirconium.  Cerium  and  manganese  could  possibly  have 

Table  21.  Effects  of  Metallic  Naphthenates  on 
Benzoyl-Methylene  Blue  System 


Metals0  Effects 


Zirconium 

Excellent  acceleration 

Lead 

Some  acceleration 

Zinc 

Some  acceleration 

Manganese 

Excessive  reagent  blank 

Cerium 

Excessive  reagent  blank 

Iron 

Highly  colored,  green 

Copper 

Highly  colored,  green 

Cobalt 

No  acceleration 

Calcium 

No  acceleration 

a  One  drop  commercial  naphthenate  in  52 
ml.  of  benzene-trichloroacetic  acid  solution. 


b#»en  used  in  lower  concentrations  but,  under  these  particular  conditions, 
have  an  excessive  reagent  blank. 

In  general,  the  metallic  naphthenates  are  thought  to  react  with  hy¬ 
droperoxides  and  peroxides  in  a  manner  similar  to  the  following  lead 
reaction: 

Ph+2  _ 

2R-OOH - >  RO  +  ROO-  +  H20 

The  RO-  and  ROO-  free  radicals  would  then  oxidize  benzoyl  leuco 
methylene  blue  to  the  methylene  blue  cation.  However  it  is  not  yet 
known  whether  zirconium  reacts  with  peroxides  in  the  same  way  as  lead 
because  of  the  reluctance  of  the  former  to  exist  in  several  valence  states. 


REAGENTS  AND  APPARATUS 


Benzene,  reagent  grade. 
Zirconium  naphthenate,  0.24%. 


Dilute  1  ml  of  commerical  (6%)  zirconium 


naphthenate  to  25  ml  with  benzene. 
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Trichloroacetic  acid,  reagent  grade,  0.5%  in  benzene  .  Co 

Benzoyl  leuco  methylene  blue  (obtained  from  the  National  Cash  Re8ls'e  ’ 
Dayton,  Ohio).  Dissolve  0.05  gram  in  100ml  of  benzene.  Storey  dark  bottle. 

All  spectrophotometric  measurements  were  made  with  a  General  Electric 
recording  spectrophotometer  with  1-cm  cells.  A  colorimeter  can  also  be  used  with 
Corning  filters  2403  and  3962. 


PROCEDURE 

Prepare  standard  peroxide  and  hydroperoxide  solutions  by  dissolving 
weighed  amounts  of  the  pure  materials  in  benzene.  To  obtain  a  calibra¬ 
tion  pipet  aliquot  portions  of  peroxide  solution  into  a  25-ml  volumetric 
flask  that  contains  15  to  20  ml  of  0.5%  trichloroacetic  acid-benzene 
solution,  and  add  0.3  ml  of  0.24%  zirconium  naphthenate  and  1  ml  of 
leuco  dye.  Fill  the  flask  to  the  mark  with  benzene,  mix  thoroughly,  and 
protect  it  from  light  immediately.  Allow  the  flasks  to  stand  in  the  dark  for 
a  designated  time  (Table  22)  at  24±1°C.  Measure  the  transmittance 
against  water  at  662  nm  on  a  spectrophotometer  using  1-cm  cells.  Run  a 
reagent  blank  with  each  set  of  standards. 

The  same  procedure  is  used  for  sample  analysis.  If  the  peroxide  species 
is  unknown,  the  time  for  the  peroxide  decomposition  to  reach  completion 
must  be  checked  experimentally  by  measuring  the  absorbance  until  it  no 
longer  increases.  Results  are  then  calculated  as  percentage  of  active 
oxygen. 


RESULTS  AND  DISCUSSION 


Table  22  indicates  the  various  peroxides  and  hydroperoxides  tested  and 
the  time  required  for  each  reaction  to  reach  completion.  It  is  clearly  seen 
that  zirconium  aids  in  the  decomposition  of  the  peroxides,  thereby 
accelerating  the  color  reaction.  The  color  development  time  of  ferf-butyl 
hydroperoxide  was  reduced  from  36  hours  to  30  minutes  and  the  benzoyl 
peroxide  from  120  to  30  hours.  Benzoyl  peroxide  decomposed  much 
more  slowly  that  the  other  peroxides  tested,  even  with  the  addition  of 
zirconium.  For  the  faster  reacting  hydroperoxides  (cumene  and  tert- 

butyl),  most  of  the  color  was  developed  within  the  first  10  minutes  (Fig. 
6.5). 

The  reaction  product  of  benzoyl  leuco  methylene  blue  and  benzoyl 
peroxide,  lauroyl  peroxide,  cumene  hydroperoxide,  and  p-menthane 
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Table  22.  Reaction  Times  and  Absorbances  for  Peroxides  Tested 


Name 

Formula 

tert- Butyl  hydro- 

ch3 

peroxide 

1 

H3C— C— OOH 

ch3 

Cumene  hydro¬ 
peroxide 

ch3 

1 

CH3— C— OOH 

i 

/>-Menthane 

ch3 

Time  for  Absorbance, 
%  Complete  Color  1  mg./lOO 
Active  Development  ml.,  1-cm. 
O  at  25°C  Cell 


hydroperoxide 


Lauroyl  peroxide 


17.8  30  min.  (36  hr. a)  Approx.  16 


10.5  40  min.  (38  hr.0)  9.7  ±  0.256 


9.3  2  hours  (8.8±0.15)b 


C— OOH 


H,C — C — H 


CH3 
0—0 

\ 

H23Cu — C  C — CuH23 

11  jl 

o  o 


/ 


4.02  5  hours  (4.6  ±  0.10)b 


Benzoyl  peroxide  O  O — O  O 

7  F  \  /  \S 

C  C 


^1 


6.6  30  hr.  (120  hr.0)  (6.2  ±  0.12)* 


0  Time  required  for  complete  color  development  without  use  of  zirconium  naphthenate. 
b  95  %  confidence  limit. 


hydroperoxide  followed  Beer’s  law  up  to  1  ppm.  However,  terf-butyl  hy¬ 
droperoxide  deviated  somewhat,  and  a  calibration  curve  of  concentration 
versus  absorbance  was  necessary  for  this  compound. 

The  validity  of  this  method  should  be  verified  experimentally  before 
applying  it  to  peroxides  other  than  those  tested.  For  example,  dialkyl 
peroxides,  such  as  di-terf-butyl  peroxide  (20),  do  not  react  with  benzoyl 

leuco  methylene  blue. 
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The  reaction  was  heat  sensitive;  therefore,  all  work  was  done  at 
24  ±  1°C.  At  30°C,  the  results  became  very  erratic.  Because  the  color  was 
also  light  sensitive,  the  solutions  were  stored  in  the  dark  while  the  color 
was  developing.  Artificial  light  caused  irregular  results,  and  sunlight 
ruined  the  determination  completely  by  causing  very  excessive  reagent 
blanks. 

The  reagents  were  all  stable  in  benzene  solution  and  were  usable  for  3 
to  4  weeks.  The  leuco  dye  was  kept  in  a  brown  bottle  away  from  direct 
light.  The  only  reagent  concentration  that  appeared  to  be  critical  was  the 
zirconium  naphthenate.  If  too  much  was  added,  the  reagent  blank  became 
excessive. 

Although  there  was  a  waiting  period  for  color  development,  it  was 
simple  to  run  six  to  ten  determinations  at  the  same  time.  The  reaction  was 
sensitive,  and  active  oxygen  was  determined  down  to  less  than  0.5  mg. 
Table  23  lists  analyses  of  the  five  standard  peroxides.  All  commerical 
peroxides  used  as  standards  were  analyzed  iodometrically.  The  precision 
of  the  method  was  obtained  by  running  7  to  16  replicate  samples  for  each 
peroxide.  For  the  four  compounds  that  follow  Beer’s  law,  the  95% 
confidence  limits  range  from  ±2.6  to  ±1.7%. 
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Table  23.  Analyses  of  Peroxide  Standards 


Name 

Present,  y 

Found,  7 

Lauroyl  peroxide 

11.0 

10.9 

17.0 

16.8 

22.0 

21.6 

Benzoyl  peroxide 

9.9 

10.2 

19.8 

20.0 

36.0 

35.8 

/?-Menthane  hydroperoxide 

13.1 

13.1 

26.3 

25.9 

32.8 

33.5 

Cumene  hydroperoxide 

3.8 

3.6 

7.6 

7.3 

15.2 

14.9 

/erf-Butyl  hydroperoxide 

5.9 

5.7 

11.8 

11.9 

23.6 

24.3 

Determination  of  Peroxides  Using  Arsenious  Oxide 

Need  often  arises  for  the  determination  of  peroxides  in  media  in  which 
methods  involving  the  liberation  of  iodine  from  potassium  iodide  cannot 
be  used.  In  the  discussion  of  the  foregoing  procedure  it  was  shown  that 
the  only  common  organic  solvents  in  which  the  iodometric  methods  will 
work  efficiently  are  2-propanol  and  ethyl  alcohol.  For  peroxides  in 
unsaturated  organic  compounds,  such  as  may  occur  in  polymerization 
work,  the  iodometric  methods  cannot  be  used  because  they  present  the 

difficulties  of  oxidation  and  substitution. 

In  this  method,  arsenious  oxide  is  used  to  reduce  the  peroxide.  This 
method  works  in  many  common  organic  solvents  and  also  can  be  used  to 
determine  peroxides  in  monomers  and  polymers.  Reichert  and  co¬ 
workers  (21)  used  arsenious  oxide  to  determine  various  inorganic  perox¬ 
ides. 

2i  j.  S.  Reichert,  S.  A.  McNeight.  and  H.  W.  Rudel,  Ind.  Eng.  Chem.,  Anal.  Ed..  11. 
194-7  (1939). 
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Procedure  of  S.  Siggia 

[ ind .  Eng.  Chem.,  Anal.  Ed.,  19 ,  S72  (1947)] 
reagents 

0.1N  Arsenious  oxide  standard  solution  containing  25  grams  of  sodium  bicar- 

bonate  per  liter  of  solution. 

IN  Sulfuric  acid. 

Sodium  bicarbonate. 

(). IN  Standard  iodine  solution. 


PROCEDURE 

Introduce  25  ml  of  a  standard  0.1  N  arsenious  oxide  solution  containing 
25  grams  of  sodium  bicarbonate  per  liter,  into  a  125-ml  Erlenmeyer  flask. 
To  this  add  a  sufficient  amount  of  peroxide-containing  solution  to  yield 
about  0.005  to  0.010  gram  of  active  oxygen.  Where  the  sample  solutions 
are  immiscible  with  water,  add  ethanol  until  a  homogeneous  solution  is 
obtained.  When  the  sample  is  a  polymer,  dissolve  it  in  benzene,  and  add 
the  ethanol  as  before.  Precipitation  of  the  polymer  does  not  affect  results 
noticeably.  If  the  peroxide  content  in  the  polymer  is  greater  than  5%  of 
benzoyl  peroxide,  however,  it  is  best  to  pour  off  the  supernatant  liquid 
from  the  precipitated  polymer,  redissolve  the  polymer,  and  reprecipitate 
it  with  ethanol.  Then  combine  the  extracts. 

Add  boiling  chips  and  concentrate  the  solution  to  about  25  ml  with  a 
stream  of  air  flowing  over  the  liquid  to  increase  the  rate  of  evaporation. 
Add  water  until  the  volume  is  about  40  ml.  Continue  this  procedure  until 
practically  all  the  monomer,  alcohol,  or  other  organic  solvents  are  re¬ 
placed  with  water.  The  solution  is  made  barely  acid  with  1 N  sulfuric  acid, 
and  then  add  0.5  gram  of  sodium  bicarbonate.  Chill  the  solution  and 
titrate  the  excess  arsenious  oxide  with  standard  0.05  to  0AN  iodine  to  the 
appearance  of  the  yellow  iodine  color.  Large  amounts  of  organic  solvent 
in  the  water  cause  the  final  end  point  to  develop  very  slowly.  The  end 
point  is  very  sharp  if  most  of  the  organic  solvents  are  removed. 

This  method  was  sufficiently  sensitive  so  that  0.008  gram  of  active 
oxygen  could  be  accurately  determined  to  within  ±0.5%.  Hydrogen 

peroxide  was  also  used  together  with  the  benzoyl  peroxide  to  test  the 
procedure. 

No  interference  was  noted  when  iodine  was  added  to  the  excess 
arsenious  oxide  in  samples  that  contained  unsaturated  compounds  be- 
cause  the  arsenious  oxide  reacts  instantaneously  with  iodine.  In  addition. 
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repeated  boiling  with  water  removed  most  of  the  organic  material  that 
might  have  interfered  by  reaction  with  iodine.  Both  these  factors  contri¬ 
buted  to  the  lack  of  interference. 

For  peroxides  in  polymers,  it  was  found  that  not  much  peroxide  was 
trapped  in  the  polymer  upon  precipitation  with  ethanol.  Benzoyl  peroxide 
in  polymers,  in  amounts  less  than  3%,  could  be  determined  with  no 
noticeable  loss  of  peroxide  because  of  occlusion  during  the  precipitation. 
In  polymer  samples  containing  more  than  5%  benzoyl  peroxide,  it  was 
found  best,  after  precipitation  of  the  polymer  with  the  ethanol,  to  pour  off 
the  supernatant  liquid,  redissolve  the  polymer  in  benzene,  and  reprecipi¬ 
tate  it  with  ethanol,  and  then  to  combine  the  two  liquid  portions  before 
analysis.  This  achieves  a  more  complete  extraction  of  the  peroxide. 

Table  24  shows  recovery  data  for  benzoyl  peroxide  in  various  mixtures. 

Table  24 


Results 

Grams  of  Active  Oxygen 

Observed 

Calculated 

Benzoyl  peroxide  in  CH3OH 

0.00387 

0.00396 

0.00393 

Benzoyl  peroxide  in  acetone 

0.01304 

0.01315 

0.01303 

0.01320 

Benzoyl  peroxide  in  benzene 

0.00400 

0.00397 

0.00394 

Benzoyl  peroxide  in  styrene 

0.00582 

0.00581 

0.00584 

0.00581 

Benzoyl  peroxide  in  isobutyl  vinyl  ether 

0.01322 

0.01308 

0.01323 

Benzoyl  peroxide  in  methyl  methacrylate 

0.01332 

0.01335 

0.01323 

Benzoyl  peroxide  in  polystyrene 

0.00579 

0.00581 

0.00581 

The  benzoyl  peroxide  samples  used  were  recrystallized  from  acetone 
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Colorimetric  Method  for  Trace  Peroxide  Using 

N,N-Dimethyl-p-phenylenediamine 

Procedure  of  P.  Dugan 


[ Reprinted  in  Part  from  Anal.  Chem 


.  33,  696-8  (1961);  Ibid.,  1630-1  (1961)] 


reagents  and  apparatus 

A  stock  solution  of  N,N-dimethyl-p-phenylenediamine  sulfate  (Eastman)  was 
prepared  by  dissolving  0.3  gram  in  10  ml  of  redistilled  water  in  a  100-ml 
volumetric  flask;  it  was  brought  to  the  mark  with  CP  absolute  methanol 

Standard  solutions  of  lauroyl  peroxide  (Lucidol)  and  benzoyl  peroxide  (Lucido  ) 
were  prepared  by  dissolving  in  benzene  to  give  final  concentrations  in  the  range  of 
5  to  100  pg  per  milliliter  of  benzene.  The  stock  peroxides  were  assayed  by 
iodometric  titration  with  sodium  thiosulfate  according  to  a  method  supplied  by 
Lucidol  and  based  on  a  molecular  weight  of  404  for  lauroyl  peroxide,  and  242  for 

benzoyl  peroxide. 

All  colorimetric  determinations  were  carried  out  on  a  Beckman  Model  DU  or 
DK  1  spectrophotometer  employing  matched  1-cm  silica  absorption  cells. 


PROCEDURE 

Mix  2  ml  of  the  N,N-dimethyl-p-phenylenediamine  sulfate  reagent 
with  2  ml  of  benzene  containing  either  lauroyl  or  benzoyl  peroxide  in  a 
concentration  of  5  to  100  pg  per  milliliter. 

Allow  the  mixture  to  react  at  25°C  for  30  minutes.  Then  determine 
absorbance  (or  %  T)  of  the  solution  at  560  nm  using  a  suitable  reagent 
blank  without  peroxide  as  the  reference. 

RESULTS 

Figure  6.6  shows  spectral  curves  obtained  by  holding  benzoyl  peroxide 
constant  at  40  pg  per  milliliter  and  varying  amounts  of  (V,N-dimethyl-p- 
phenylenediamine  sulfate  reagent.  There  was  little  difference  between  per 
cent  transmittance  at  525  and  560  nm  using  0.1  and  0.3%  reagents. 
Transmittance  was  greater  when  0.5%  reagent  was  used.  A  more  highly 
colored  reagent  blank  is  present  in  the  reference  beam  as  the  reagent 
concentration  is  increased. 
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Fig.  6.6.  Absorption  spectra  of  reaction  product 
employing  three  concentrations  of  reagent. 

Figure  6.7  shows  the  spectrum  of  the  reagent  solution  color  prior  to 
reaction  with  peroxide,  when  compared  to  a  solvent  blank  in  the  refer¬ 
ence  beam. 

Figure  6.8  shows  values  obtained  with  varied  concentrations  of  benzoyl 
peroxide  against  a  reagent  blank.  The  reaction  follows  Beer  s  law  be¬ 
tween  5  and  30  /jig  per  milliliter  of  benzoyl  peroxide  but  deviates  some¬ 
what  at  40  /jLg  per  milliliter. 

Figure  6.9  shows  a  color  change  1  hour  after  the  spectrum  in  Fig.  6.7 
was  "recorded.  Greater  absorption  is  indicated  in  the  400-  to  525-nm 
range,  whereas  less  absorption  is  indicated  at  560  nm,  although  the  color 

in  the  reaction  vessel  appears  darker  to  the  eye. 

Figure  6.10  shows  percentage  transmission  (%  T)  values  obtained  by 
varying  the  concentration  of  lauroyl  peroxide  versus  a  reagent  blank  in 
the  reference  cell.  The  reaction  follows  Beer’s  law  in  the  concentration 
range  of  10  to  100  ng  of  lauroyl  peroxide  per  milliliter  when  measured  at 

560  nm. 

The  following  observations  have  also  been  made: 

Reagent  in  HOH  + lauroyl  peroxide  in  benzene  +  CH3OH  -»  rapid 
color  development. 


Fig.  6.7.  Spectrum  of  reagent  solution  versus  solvent 
blank. 


Fig.  6.S.  Spectra  representing  standard  curve  for 
benzoyl  peroxide.  Values  represent  micrograms  of 
peroxide  per  milliliters  of  solvent. 
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Fig.  6.9.  Spectrum  showing  change  in  absorption  1 
hour  after  recording  in  Fig.  6.8.  Values  represent 
micrograms  of  peroxide  per  milliliter  of  solvent. 


Reagent  in  HOH  +  peroxide  in  benzene  (no  CH3OH)  ->  immiscible,  no 
color  reaction. 

Reagent  in  HOH  +  benzene  +  CH3OH  ->  very  slow  color  reaction. 
Reagent  in  CH3OH  +  benzene  — >  very  slow  color  reaction. 

Reagent  in  HOH  +  CH3OH  +  lauric  acid-^very  slow  color  reaction. 
Reagent  in  HOH  +  CH3OH  +  lauryl  alcohol  very  slow  color  reaction. 
Reagent  in  90%  CH30H  +  H202  ->  very  slow  color. 

Color  complex +  0. IN  H2S04  — »  no  effect. 

Color  complex  +  0. IN  NaOH  >  colorless. 


discussion 

Concentration  of  the  reagent  N.N-dimethyl-p-phenylenediamine  sul¬ 
fate  did  not  appear  to  be  critical  in  the  range  of  0.1  to  0.3  A.  Higher 
concentrations  than  necessary  probably  decrease  the  sens.tivity  by  causing 

excessive  color  in  the  reagent  blank.  .• 

The  use  of  2  ml  of  reagent  plus  2  ml  of  the  benzene-perox.de  solut  on 

was  convenient,  although  other  ratios  proved  sat.sfactory,  prov.dcc 
solutions  were  miscible. 
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Fig.  6.10.  Spectra  representing  standard  curve  for 
lauroyl  peroxide.  Values  represent  micrograms  of 
peroxide  per  milliliter  of  solvent. 


The  ternary  mixture  benzene-methanol-water  was  examined  by  altering 
proportions  of  each  solvent  until  a  cloud  point  was  reached.  Completely 
miscible  proportions  were  reacted  with  benzoyl  peroxide,  and  light  trans¬ 
mittance  of  the  reaction  was  determined.  Greater  color  developed  with  an 
increased  amount  of  water  in  solution. 

Benzene  is  a  convenient  solvent  for  organic  peroxides.  However  the 
reaction  will  proceed  in  other  solvents  such  as  mineral  oil. 

Time  of  reaction  is  critical,  which  implies  that  other  factors  that 
influence  rate  of  reaction  will  influence  color  development.  Temperature 
was  therefore  held  constant  at  25°C  during  the  investigation,  although  its 
influence  was  not  specifically  studied.  The  effect  of  light  on  the  reaction 
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can  be  seen  by  comparing  the  following  relative  values,  which  were 
obtained  by  holding  identical  lauroyl  peroxide-containing  reaction  mix¬ 
tures-  (1)  in  the  dark  (64%  T),  (2)  under  fluorescent  lamp  (54  k  T),  and 
(3)  in  direct  window  light  (30%  T).  Light  also  affected  the  N.iV-dimethyl- 
p-phenylenediamine  reagent  solution  in  the  same  manner.  Reagent  solu¬ 
tions  were  therefore  prepared  fresh  daily  and  held  in  the  dark.  Reactions 
were  carried  out  in  subdued  light,  not  total  darkness. 

The  color  failed  to  develop  in  the  presence  of  dicumyl  peroxide  even 
when  iron,  cobalt,  and  rare  earth  naphthenates  were  present  as  catalysts. 
The  effects  of  metallic  naphthenates  were  not  tested  with  lauroyl  or 
benzoyl  peroxide.  Steric  hindrance  is  thought  to  be  responsible  for  failure 
of  dicumyl  peroxide  to  catalyze  the  color  reaction. 

The  reaction  appears  to  be:  reagent  +  aqueous  methanol  -»  blue  com¬ 


plex.  This  reaction  is  greatly  accelerated  by  the  presence  of  lauroyl  or 
benzoyl  peroxide.  Although  the  reaction  mechanism  is  not  known,  it  does 
22.  S.  Siggia,  Handbook  of  Chemical  Analysis,  L.  Meites.  Ed.,  McGraw-Hill,  New  York, 
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23.  G.  Dindgren  and  R.  Vesterberg,  Svensk  Form.  Tids.,  47,  17-25  (1943). 

24.  A.  W.  Rowe  and  E.  P.  Phelps,  J.  Am.  Chem.  Soc.,  46,  2078-85  (1924). 
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not  appear  to  be  a  simple  oxidation,  but  rather  catalyzed  by  a  free  radical 
mechanism,  probably  involving  the  splitting  off  of  —  N£U;  groups  by 
active  OH. 

The  calculated  precision  of  the  method  is  ±4.1%  at  the  95%  confi¬ 
dence  limit,  based  on  eight  determinations  for  each  peroxide. 

Table  25  summarizes  the  analytical  methods  discussed  in  this  chapter. 


7 

Unsaturation 


The  approaches  for  the  determination  of  carbon-to-carbon  unsaturation 
include  bromination,  catalytic  hydrogenation,  addition  of  iodine 
monohalides  (iodine  number),  ozonization,  and  epoxidation.  A  specific 
determination  of  acetylenic  unsaturation  involves  hydration  to  the  corres¬ 
ponding  ketone  and  determination  of  the  ketone.  Specificity  of  the 
hydrogenation  procedure  for  acetylenic  unsaturation  is  obtained  by  the 
use  of  a  special  catalyst.  There  are  also  some  specific  reactions  for 
ethylenic  compounds  where  the  double  bond  is  in  the  a -(3  position  to  a 
functional  group,  generally  of  the  carboxylic  type. 

The  bromination  approach  has  the  advantage  of  simplicity  and  rapidity, 
but  it  also  has  the  disadvantage  of  substitution  by  bromine  of  some  of  the 
hydrogens  on  the  organic  compound,  along  with  addition  to  the  unsatu¬ 
rated  linkages.  This  frequently  leads  to  high  results.  Another  common 
interference  is  oxidation  of  some  component  or  group  in  the  sample, 
which  also  causes  high  results.  The  bromination  reaction  is  as  follows: 

RCH=CHRj  +  Br2->  RCHCHRi 

Br  Br 

Iodide  monohalides  are  more  selective  for  the  unsaturated  linkages 
than  is  bromine,  since  iodine  monohalides  do  not  undergo  substitution 
reactions  as  readily  as  does  bromine. 

RCH=CHR!  +  \X^  RCHCHRi 

i  i 

I  X 

where  X  is  chlorine  or  bromine.  Substitution  is  not  eliminated  com¬ 
pletely,  however,  and  it  is  particularly  bothersome  with  aromatic  ring 
compounds.  The  iodine  monohalides  are  also  fairly  good  oxidizing  agents; 
thus,  as  in  the  case  with  bromine,  any  oxidizable  group  in  the  sample  will 
react  and  cause  high  results  for  unsaturation. 

Hydrogenation  is  a  clear  addition  reaction  that  is  very  specific  for 
carbon-to-carbon  double  or  triple  bonds  and  is  a  reaction  that  can  be 
carried  out  with  practically  all  such  unsaturated  compounds. 

RCH=CHR'  +  H2-*  RCHoCHgRj 
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The  methods  for  using  these  reactions,  however,  are  generally  time- 
consuming  and  not  easy  to  run.  They  require  either  special  devices  or 
care  and  patience  in  the  running  of  the  analysis,  and  usually  both.  For 
some  systems,  however,  these  methods  are  generally  worth  the  trouble, 
since  other  methods  cannot  be  applied.  For  example,  where  there  is  trace 
unsaturation  in  an  organic  medium,  the  halogen  addition  methods  fall 
down,  since  the  interferences  are  maximized  and  the  group  being  deter¬ 
mined  is  minimized.  Also,  for  very  sterically  hindered  unsaturated  com- 


RC=CRt 

pounds  such  as 

Cl  Cl 


the  halogens  have  difficulty  adding  to  the 


unsaturated  bond,  but  hydrogen  does  not. 

Ozonization  methods  are  generally  free  of  interferences  resulting  from 
substitution  and  steric  effects,  but  they  have  the  disadvantage  of  resulting 
in  the  formation  of  explosive  ozonides  in  some  cases.  Also,  ozone 
generators  are  expensive. 

Epoxidation  has  been  made  practical  by  the  recent  commercial  availa¬ 
bility  of  the  relatively  stable  reagent  m-chloroperbenzoic  acid,  which  is 
particularly  useful  for  the  determination  of  unsaturation  in  polymers. 

Mercuric  salts  also  add  onto  unsaturated  linkages.  The  acetate  salt  is 
most  commonly  applied  probably  because  of  its  solubility  in  organic 

media. 

RCH=CHR'  +  Hg(Ac)2  +  R  OH  ->  RCH— CHR'  +  HAc 

OR"  HgAc 

where  R"  can  also  be  a  hydrogen  atom. 


Bromination 

There  are  several  bromination  reagents  commonly  used  for  determm- 
ine  unsaturation:  free  bromine  in  a  solvent,  bromine  generated  from  a 
bromate-bromide  reagent  using  acid,  pyridine  sulfate-dibromide  reagent, 

and  bromine  generated  electrically. 


FREE  BROMINE  IN  A  SOLVENT 

The  approach  involving  free  bromine  in  a  solvent  th®  ^*h°* 
s^^can'^diMdvantag^^inahftaini^stMdardTolutions  of  bromine  in  a 
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solvent  because  of  the  loss  of  bromine  by  volatilization  on  standing  or 
handling  The  most  generally  applicable  solvents  are  acetic  ac.d  carbon 
tetrachloride,  propylene  carbonate,  and  aqueous  brom.de  solu  .ons  (to 
form  BrT  complex).  These  solvents  do  not  substitute  bromine  and  are  not 
oxidized  by  bromine.  Also,  the  solubility  of  bromine  in  these  solvents 
good,  although  volatilization  losses  can  occur  if  precautions  are  not  taken 
Of  these  solvents,  carbon  tetrachloride  and  aqueous  bromide  are  the  mos 

commonly  used. 


Bromine  in  Carbon  Tetrachloride — Shell  Method 

[( Adapted  from  A.  Polgar  and  J.  L.  Jungnickel,  in  Organic  Analysis,  Vol.  I, 

Edited  by  J.  Mitchell  et  al,  Wiley -Interscience,  New  York,  1956,  pp.  237-8, 

Reprinted  in  Part)] 

The  Shell  method  involves  the  reaction  of  the  sample  in  the  dark  at  ice 
temperature  with  a  measured  excess  of  bromine  in  carbon  tetrachloride  in 
the  presence  of  water,  following  which  the  excess  bromine  is  determined 
iodometrically.  One  or  two  additional  determinations  are  made  at  in¬ 
creased  reaction  times,  and  the  results  are  extrapolated  to  zero  time  if 
there  is  significant  change  in  bromine  absorption  with  time.  The  extrapo¬ 
lation  procedure  is  primarily  necessary  with  cracked  petroleum  distillates. 
It  is  based  on  the  assumption  that  addition,  although  rapid  at  first, 
decreases  in  rate,  and  a  slow  substitution  begins  as  the  saturation  of  the 
double  bonds  of  diverse  reactivity  is  approached.  If  the  addition  is 
complete  when  the  first  value  is  obtained  and  the  rate  of  side  reactions 
remains  constant,  extrapolation  to  zero  time  should  give  the  correct 
addition  value. 

The  application  of  this  method  to  a  large  number  of  pure  olefins  has 
given  very  close  agreement  with  the  theoretical  values.  The  extrapolated 
values  in  general  are  slightly  on  the  lower  side.  Typical  results  are  shown 
in  Table  1.  The  value  for  pinene  is  high.  This  compound  appears  to 

undergo  rupture  of  the  bridge  ring  in  addition  to  saturation  of  the  double 
bond. 


REAGENT 

For  each  liter  of  solution,  17.2  grams  (5.5  ml)  of  bromine  is  dissolved  in  carbon 
tetrachloride.  This  reagent  (0.2 N)  is  standardized  daily  as  follows.  Carbon  tet- 
rachloride  (25  ml)  and  water  (100  ml)  in  a  glass-stoppered  flask  are  cooled  in  an 
ice  bath  for  10  minutes.  Reagent  (15  ml)  is  added,  and  the  flask  is  stored  in  the 
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Table  1.  Analytical  Data  by  the  Extrapolation  Method:3 
(bromine  in  carbon  tetrachloride) 


Extent  of  Reaction, 

Compound  %  of  Theoretical 


1-Pentene 

101 

2-Pentene 

97 

2-Methyl-2-butene 

100 

2,2-Dimethylpropene 

100 

1 -Hexene 

100 

2,3-Dimethyl-2-butene 

99 

1-Heptene 

99 

4-Methyl-2-pentene 

101 

2,3,3-Trimethyl- 1 -butene 

99 

1-Octene 

100 

2,3,4-Trimethyl-2-pentene 

96 

Diisobutylene 

101 

1-Decene 

99 

Triisobutylene 

99 

1-Tetradecene 

100 

1-Hexadecene 

97 

1-Octadecene 

99 

Styrene 

99 

x-Methylstyrene 

100 

4-Phenyl-l-butene 

97 

Stilbene 

ca.  60 

Cyclohexene 

99 

3-Methylcyclohexene 

99 

Pinene 

ca.  150 

2,5-  Dimethyl- 1 ,5-hexadiene 

101 

J-Limonene 

100 

2-Methyl- 1 ,3-butadiene 

100 

4-Methyl- 1 ,3-pentadiene 

54 

2,3-  Dimethyl- 1 ,3-butadiene 

54 

a  Shell  Method  Series,  221/50. 

dark  for  lOminutes.  Potassium  iodide  solution  (15  ml  of  20%)  is  added,  and  the 
titration  is  made  with  standard  0. IN  sodium  thiosulfate  solution  to  the  starch  end 

point. 


procedu  re 

Dissolve  the  sample  in  carbon  tetrachloride  (25  a  glass-stoppered 

flask,  add  water  (100  ml),  and  cool  the  flask  in  an  tee  bath  for  10  mmutes. 
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Place  a  light  shield  around  the  neck  of  the  flask,  add  reagent  in  65  to 
70%  excess,  and  store  the  flask  (kept  in  the  tee  bath)  in  the dark^Ex  y 
10  minutes  after  the  addition  of  the  reagent,  add  15  ml  of  20 /o  potass 
odide  solution  and  titrate  the  liberated  iodine  with  0.  IN  sodium  thiosul¬ 
fate  solution  to  the  starch  end  point.  Repeat  the  determination  with 
20  minutes’  reaction  time.  If  these  two  results  differ  by  2  h  or 
make  a  third  determination  with  30  minutes’  reaction  time,  and  extrapo- 

late  the  results  to  zero  time. 


BROMINE  IN  PROPYLENE  CARBONATE 

Method  of  B.  Kratochvil,  P.  K.  Chattopadhyay,  and  R.  D.  Krause 


[Anal.  Chem .,  48,  568  (1976)] 

The  method  involves  the  direct  potentiometric  titration  of  olefins  with 
bromine  in  propylene  carbonate  (PC). 


PROCEDURE 

The  procedure,  titrant,  and  apparatus  are  those  described  for  the 
titration  of  phenols  (p.  59). 


RESULTS  AND  DISCUSSION 

Results  for  several  olefinic  compounds  are  shown  in  Table  2.  The 
change  in  potential  in  the  region  of  the  end  point  for  the  titration  is  on 

Table  2.  Percentage  Recoveries  in  Titrations  of  Several  Olefins  with 


Bromine  in  Propylene  Carbonate 

Compound 

Recovery, 
at  25°C,  % 

Cyclohexene 

99 

Vinyl  butyrate 

95 

1-  and  2-Octene  (mixture  of  isomers) 

100 

Allyl  alcohol 

113 

Allyl  amine 

118 

Allyl  ether 

109a 

Calculated  on  the  basis  of  2  moles  of  bromine 
mole  of  ether. 

consumed  per 

Table  3.  Effects  of  Sample  Size  on  Recovery  of  Oleic  and  Linoleic  Acids  by  Direct 
Titration  with  Bromine  in  PC  and  Indirect  Iodine  Monochloride  Method  ‘ 

Sample  Recovery  Recovery 

Compound  Size,  grams  by  Bromine  in  PC,b  %  by  IC1,C  % 


Oleic  acid 


Linoleic  acid 


0.1 

107 

104 

0.3 

106 

111 

0. 5-1.2 

105.5  ±0.2 

105 

0.5-1. 2 

107.1  ±0.2  (0°C) 

— 

0.5-1. 2 

107.5,  107.8  (50°C) 

— 

1. 2-2.0 

104 

104 

0.1 

89.3 

85d 

0.2 

88.7 

90 

0.35-0.4 

84.2  ±0.2 

86 

0.65 

81.5 

— 

a  Temperatures  controlled  at  25  ±1°C  unless  otherwise  indicated.  Individual 
values  listed  for  one  or  two  titrations,  average  and  standard  deviation  for  three  or 
more. 

b  Sample  dissolved  in  2 : 1  PC — CHC13  mixture. 

c  Sample  dissolved  in  10  ml  of  carbon  tetrachloride,  20  ml  of  0.6 M  iodine 
monochloride  added.  Each  value  is  the  average  of  two  titrations. 

d  Sample  dissolved  in  10  ml  of  carbon  tetrachloride,  20  ml  of  0.2 M  iodine 
monochloride  added. 


Table  4.  Comparison  of  Iodine  Values  of  Vegetable  Oils  Determined  by  Bromine  in  PC 

and  Iodine  Monochloride  Methods 


Iodine  Value'1 


Oil" 


Bromine  in  PC 
Method 


Corn 

Cottonseed 

Linseed 

Olive 

Peanut 

Rapeseed  (low  erucic  acid  variety) 
Soybean 
Safflower 


IC1 

Method 


145 

131 

124 

119 

168 

168 

91 

87 

103 

97 

125 

118 

123 

112 

143 

139 

a  Commercial  oils  used  as  received. 

6  Calculated  as  equivalent  number  of  grams  of  iodine  t  at  wou  ave 
consumed  by  100  grams  of  oil.  All  values  are  the  average  of  two  t.trat.ons. 
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the  order  of  150  to  200  mV.  Rates  of  reaction  were  rapid;  titrations 
typically  required  only  5  to  6  minutes  to  complete  wtthout  use  of  catalyst^ 
The  high  recoveries  obtained  in  several  instances  may  be  attributed  to  the 
occurrence  of  substitution  as  well  as  addition;  substitution  tends  to  take 
place  to  a  greater  extent  in  polar  solvents  than  in  nonpolar  ones. 

A  study  of  the  effect  of  temperature  on  the  reaction  stoichiometry  of 
the  compounds  in  Table  2  showed  that  bromine  consumption  generally 
increases  at  temperatures  above  or  below  25°C.  Below  25°C  the  rate  of 
substitution  becomes  faster  relative  to  the  rate  of  addition. 

Most  oils  and  fats  are  not  sufficiently  soluble  in  PC  to  allow  titration. 
The  addition  of  30%  by  volume  chloroform  provided  sufficient  solubility 
for  all  the  systems  studied  without  affecting  potentiometric  end  point 
detection.  Commercial  chloroform  contains  about  0.75%  ethanol  as  a 
preservative.  Because  ethanol  undergoes  bromine  substitution  readily,  it 
must  be  removed  from  the  chloroform  solvent  before  use. 

Linoleic  acid,  which  has  two  double  bonds  per  molecule,  shows  two 
potential  breaks;  the  second  break  was  used  for  all  analytical  calculations. 


Titrations  of  10  mixtures  of  oleic  and  linoleic  acids  in  varying  ratios  gave 
overall  recoveries  within  1%  of  the  sums  of  the  individual  acids.  The 
percentage  recovery  is  independent  of  the  rate  of  titrant  delivery  up  to  at 
least  2  ml  per  minute,  but  it  does  depend  on  sample  size;  smaller  samples 
give  higher  recoveries.  Recovery  with  sample  size  by  the  direct  bromine 
in  PC  and  indirect  iodine  monochloride  (IC1)  methods  are  compared  in 
Table  3.  Recoveries  are  similar  for  the  two  methods,  and  both  give  lower 
recoveries  as  the  amount  of  sample  taken  is  increased,  although  the  direct 
bromine  in  PC  method  is  affected  less.  Iodine  values  for  a  number  of  oils 
by  direct  bromination  and  by  indirect  iodine  monochloride  determination 
are  compared  in  Table  4.  The  results  for  the  bromine  method  tend  to  be 
about  5  to  10%  higher  than  for  the  iodine  monochloride  method. 
However  iodine  numbers  are  useful  primarily  for  relative  comparisons 
among  various  oils  and,  for  this  purpose,  a  direct  titration  is  more  rapid 
and  convenient. 


Bromine  in  Aqueous  Potassium  Bromide 

[ Adapted  from  A.  Polgar  and  J.  L.  Jungnickel,  in  Organic  Analysis ,  Vol.  /, 

Edited  by  J.  Mitchell  et  ai,  Wiley -Interscience,  New  York,  1956,  pp.  240-3 ] 

An  aqueous  bromination  reagent  containing  bromine  and  excess  potas¬ 
sium  bromide  is  easy  to  prepare  and  has  displayed  very  satisfactory 
keeping  qualities.  Since  the  potassium  bromide  is  in  excess,  all  the 
bromine  content  is  assumed  to  be  in  the  loose  Brj  form.  This  brominating 
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agent  has  been  found  to  be  especially  applicable  to  oxygen-containing 
olefinic  compounds  that  react  incompletely  in  some  other  halogenation 
methods.  Phenol  reacts  quantitatively  to  give  tribromophenol,  but  most 
saturated  alcohols,  ketones,  aldehydes,  esters,  and  acids  do  not  interfere 
to  any  appreciable  degree.  The  normal  procedure  involves  the  shaking  of 
the  sample  in  the  presence  of  ice  with  a  65  to  70%  excess  of  reagent  for 
20  minutes  and  back-titrating  the  unreacted  bromine  iodometrically  with 
sodium  thiosulfate.  To  avoid  loss  of  bromine,  the  reaction  is  carried  out  in 
an  evacuated  bottle  (Procedure  A).  With  samples  that  react  only  with 
difficulty,  the  reaction  is  carried  out  at  room  temperature  for  1  hour 
(Procedure  B). 

REAGENT 

For  each  liter  of  solution,  dissolve  35.8  grams  of  potassium  bromide  in  about 
100  ml  of  water  and  add  17.2  grams  (5.5  ml)  of  bromine.  Mix  the  solution  until 
bromine  is  dissolved,  then  dilute  to  volume.  This  reagent  (0.2  N)  is  standardized 
daily  in  an  evacuated  bromination  bottle  (Fig.  7.1)  by  drawing  in  15  ml  of  reagent, 
15  ml  of  20%  potassium  iodide  solution,  and  about  100  ml  of  water)  through  a 
piece  of  rubber  tubing;  then  the  vacuum  is  released,  the  stopper  is  removed,  and 
the  titration  is  made  with  standard  0.1N  sodium  thiosulfate  to  the  starch  end 
point. 

Stopcock 
2  mm.  bore 


J 


300  ml. 
bottle 


Fig.  7.1.  Bromination  bottle. 
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PROCEDURE  A 

Fill  the  bromination  bottle  two-thirds  full  with  crushed  ice;  stopper 
and  evacuate.  Introduce  an  aliquot  of  diluted  sample  (in  alcohol  or 
acetone)  and  the  reagent  (65  to  70%  in  excess),  and  shake  the  bottle  for 
20  minutes  in  a  mechanical  shaker.  Add  15  ml  of  20%  potassium  iodide 
solution,  release  the  vacuum,  and  titrate  the  mixture  with  standard  0.1  N 
sodium  thiosulfate  solution  to  the  starch  end  point.  If  the  result  of  a 
duplicate  determination  with  90%  reagent  excess  differs  by  more  than 
1%.  the  method  should  be  considered  to  be  inapplicable  to  the  sample. 


PROCEDURE  B 

Follow  Procedure  A  but  with  these  differences:  omit  ice,  use  80% 
reagent  excess,  and  continue  shaking  for  1  hour. 

Typical  results  obtained  by  these  procedures  are  shown  in  Table  5. 


Table  5.  Results  by  the  Aqueous  Tribromide  Method 


Compound 


Allyl  alcohol 
j3-Chloroallyl  alcohol 
Methallyl  alcohol 
Methylvinylcarbinol 
Crotyl  alcohol 

4-Hydroxy-2-methyl- 1  -pentene 

Acrolein 

a-Chloroacrolein 

Acrolein  dimer 

Methacrolein 

Methyl  isopropenyl  ketone 
Mesityl  oxide 
Acrolein  diacetate 
Methacrolein  diacetate 
1 , 1 ,3-T  riallyloxy  propane 
Acrylic  acid 
Sodium  acrylate 
Methacrylic  acid 


Extent  of  Reaction, 

%  of  Theoretical 

Procedure  A 

Procedure  B 

99 

_ 

98 

100 

102 

— 

97 

— 

100 

— 

96 

— 

100 

— 

10 

92 

100 

— 

100 

— 

99 

— 

99 

— 

100 

_ _ 

99 

- 

101 

_ 

86 

97 

— 

100 

99 

99 

Table  5  ( Continued ) 


Compound 


Extent  of  Reaction,  %  of  Theoretical 


Procedure  A  Procedure  B 


Tetrahydrobenzoic  acid 

Vinyl  acetate 

Vinyl  propionate 

Vinyl  butyrate 

Vinyl  crotonate 

Vinyl  oleate 

Allyl  acetate 

Allyl  propionate 

Chloroallyl  propionate 

Allyl  butyrate 

Allyl  caproate 

Allyl  caprylate 

Allyl  hexahydrobenzoate 

Diallyl  adipate 

Diallyl  phthalate 

Allyl  crotonate 

Methyl  a-chloroacrylate 

Ethyl  acrylate 

a-Allyl  glycerol  ether 

Allyl  glycidyl  ether 

Allyl  1 ,3-dichloro-2-propyl  ether 

Allyl  sulfolanyl  ether 

Dimethallyl  ether 

Vinyl  chloride 

Dichloroethylene 

1 , 1  -Dichloro- 1  -propene 

1 .3- Dichloro- 1  -propene 

2.3- Dichloro- 1  -propene 
3-Chloro-l -butene 

1  -Chloro-2-butene 

1.4- Dichloro-2-butene 
Allyl  N-ethyl  carbamate 
Dibutyl  allyl  phosphate 

2.4- Dimethyl-3-sulfolene 


99 

— 

100 

— 

— 

103 

— 

99 

— 

64 

— 

100 

98 

— 

100 

— 

:a.  40 

93 

101 

— 

98 

— 

100 

— 

99 

— 

91 

97 

:a.  60 

101 

77 

100 

<1 

66 

10 

101 

100 

— 

100 

— 

99 

— 

100 

— 

86 

101 

100 

— 

_ 

36 

- - 

(low) 

(low) 

96 

(low) 

99 

2 

103 

101 

— 

80 

97 

100 

— 

100 

— 

98 

100 
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bromate-bromide 

To  avoid  the  volatilization  problems  involved  in  the  use  of  free 
bromine,  some  investigators  have  resorted  to  the  use  of  bromate-bromide 
solutions.  This  reagent  is  very  stable,  and  the  bromine  is  generated  by 
adding  acid  at  the  time  of  analysis  after  all  other  reagent  and  sample 
handling  is  completed.  This  step  eliminates  the  volatilization  losses. 

A  bromate-bromide  reagent  can  be  used  alone,  or  it  can  be  used  with  a 
mercuric  catalyst  to  accelerate  the  bromination.  When  the  substitution 
reactions  are  too  rapid  for  accurate  analysis,  the  catalyst  must  be  elimi¬ 
nated;  also,  the  extrapolation  approach  of  the  preceding  method  can  be 

used. 

Method  of  H.  L.  Lucas  and  D.  Pressman 

[Adapted  from  bid.  Eng.  Chem .,  Anal.  Ed.,  10 ,  140-2  (1938)] 

REAGENTS 

Bromate-bromide  solution,  0.1N.  (2.78  grams  of  potassium  bromate  and 

15  grams  of  potassium  bromide  per  liter  of  water  solution). 

Mercuric  sulfate,  0.2 N.  (950  ml  of  water;  28  ml  of  concentrated  sulfuric  acid; 
30  grams  of  mercuric  sulfate). 

CP  Carbon  tetrachloride. 

CP  Glacial  acetic  acid. 

Potassium  iodide,  2%. 

Sulfuric  acid,  6 N. 

Sodium  thiosulfate,  0.05 N. 

Starch  indicator  solution. 

Sodium  chloride,  2 N. 

PROCEDU RE 


Dilute  water-soluble  samples  to  0.08 N  in  unsaturation  and  take  a 
25-ml  aliquot  (0.002  equivalent  in  unsaturation). 

Dissolve  hydrocarbon-soluble  samples  in  carbon  tetrachloride. 

When  volatile,  weigh  the  sample  in  a  sealed  glass  ampoule  (see  pp. 
862-64)  and  place  it  in  a  volumetric  flask  of  convenient  volume  to  give  a 
0.08N  solution  in  terms  of  unsaturation,  along  with  enough  carbon 
tetrachlor.de  or  water  to  cover  the  ampoule.  Chill  the  volumetric  flask  in 
ice  water,  and  break  the  ampoule  with  a  glass  rod.  Rinse  the  rod  with 
chilled  carbon  tetrachloride  or  water,  and  make  the  solution  up  to  the 
mark  with  the  same  chilled  solvent.  To  pipet  a  sample  of  this  solution  do 
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not  apply  a  vacuum.  Instead,  equip  the  pipet  with  a  two-hole  rubber 
stopper  to  fit  the  volumetric  flask,  and  a  piece  of  glass  tubing  is  inserted  in 
the  other  hole.  Then  blow  the  solution  into  the  pipet  by  compressed  air  or 
by  mouth. 

Introduce  a  calculated  excess  (10-15%)  of  0.1N  bromate-bromide 
solution  (about  25  ml)  into  a  250-  to  300-ml  Erlenmeyer  flask  having  a 
glass  stopper  equipped  with  a  sealed-in  three-way  stopcock  (Fig.  7.2).  If 
the  amount  of  unsaturation  in  the  sample  is  unknown,  make  a  preliminary 
analysis  with  a  large  excess  of  bromate-bromide  solution.  From  this 
result,  the  desired  excess  can  be  calculated.  The  reason  for  avoiding  the 
large  excess  is  minimization  of  substitution,  which  leads  to  high  results.  If 
the  excess  is  less  than  10  to  15%,  the  addition  proceeds  so  slowly  toward 
the  end  of  the  bromination  that  the  bromination  may  not  be  complete  in 
the  specified  time. 

After  the  addition  of  the  bromate-bromide  solution,  evacuate  the  flask 
through  tube  A  with  a  water  aspirator,  and  add  5  ml  of  6 N  sulfuric  acid 
by  means  of  the  funnel  attachment  B  on  the  stopper,  allowing  2  or 
3  minutes  to  elapse  for  the  bromine  to  be  liberated.  Next,  add  10  to  20  ml 
of  0.2 N  mercuric  sulfate,  followed  by  the  sample  containing  solution 


B 


Fig.  7.2.  Bromination  apparatus. 
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(25  ml  of  the  sample  solution  should  be  used  if  the  concentration  is  0.08N 
with  respect  to  unsaturation).  Use  water  or  carbon  tetrachloride,  depend 
ing  on  which  was  used  to  dissolve  the  sample,  to  rinse  the  sample  into 
flask  Use  a  total  of  15  ml  of  wash  liquid  in  three  portions.  For  sa™P 
dissolved  in  carbon  tetrachloride,  add  20  ml  of  glacial  acetic  acid.  When 
the  samples  are  dissolved  in  water,  omit  the  acetic  acid.  Then  wrap 
flask  in  black  cloth  and  shake  for  7  minutes  (time  may  vary  with  some 
samples).  Add  15  ml  of  2 N  sodium  chloride  and  15  ml  of  20  /»  potassium 
iodide  and  shake  the  flask  for  about  30  seconds.  Break  the  vacuum  and 
titrate  the  free  iodine  with  0.05  J V  sodium  thiosulfate,  using  a  starch 
indicator.  Run  a  blank  under  the  same  conditions  as  the  samples,  with 
about  one-third  the  amount  of  bromate-bromide  solution  used  in  the 

analysis. 


CALCULATIONS 

(Milliliters  for  blank  minus  milliliters  for 

sample)  x  N  thiosulfate  x  mol,  wt.  of  compound  x  1 00  =  %  compound 
Grams  of  sample  x  2000  x  B 

where 

B  =  number  of  moles  bromine  absorbed  by  compound  being  determined 

The  molar  ratio  of  mercuric  ion  to  bromide  ion  should  be  greater  than 
1  if  the  mercuric  salt  is  to  have  sufficient  catalytic  effect.  Sodium  chloride 
is  necessary  to  liberate  free  bromine  from  its  complex  with  mercuric 
sulfate.  Acetic  acid  is  necessary  to  solubilize  the  unsaturated  compound  in 
the  water  layer. 

The  7-minute  shaking  is  enough  for  most  samples,  but  some  samples 
require  longer  (see  Table  6).  Maleic  and  fumaric  acids  in  water  require 
30  minutes  in  the  presence  of  mercuric  sulfate  for  complete  reaction. 

Cinnamic  acid  requires  no  mercuric  sulfate  for  quantitative  results;  in 
fact  mercuric  sulfate  is  detrimental,  since  it  causes  substitution.  Propiolic 
acid,  dimethylbutadiene,  and  propargyl  alcohol  substitute  bromine  and 
yield  high  results  when  determined  by  this  method.  Because  of  varying 
amounts  of  substitution  for  different  compounds,  it  is  difficult  to  ascribe  a 
general  accuracy  and  precision  value  to  this  procedure. 

Absorbed  oxygen  in  solutions  of  alkynes  and  exposure  to  sunlight 
generally  affect  results  significantly. 

This  procedure  was  tested  with  phenylacetylene,  1-heptyne,  1-pentyne, 
1  -hexyne,  cyclohexene,  1 -hexene,  dichloroethylene,  maleic  acid,  fumaric 
acid,  2-butyne-l,4-diol,  anethole. 
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Table  6.  Effects  of  Variations  in  the  Analytical  Procedure  on  Results 


HgS04/Br  ,  HOAc,  KBr03  Excess, 


Compound 

Ratio 

ml. 

°/ 

/o 

Time,  min. 

Error,  % 

Mercury-Bromide  Ratio 

2-Heptyne 

2.4 

20 

20 

7 

-3.2 

2-Heptyne 

1.2 

20 

20 

7 

-4.1 

2-Heptyne 

0.0 

20 

20 

7 

-23.0 

Acetic  Acid 

Phenylacetylene 

1.1 

25 

10 

7 

-3.0 

Phenylacetylene 

1.1 

0 

10 

7 

-23.0 

1-Hexyne 

1.1 

25 

10 

5 

-0.9 

1-Hexyne 

1.1 

0 

20 

5 

-10.0 

Excess  Bromate 

/ — 

1-Pentyne 

1.0 

0 

25 

20 

+  12.0 

1-Pentyne 

1.7 

0 

12 

20 

+7.5 

1-Pentyne 

1.7 

0 

5 

20 

+  5.5 

Time  of  Bromination 

1-Heptyne 

1.5 

15 

15 

60 

-2.1 

1-Heptyne 

1.5 

15 

15 

30 

+2.7 

1-Heptyne 

1.5 

15 

15 

15 

+  2.7 

Phenylacetylene 

1.1 

20 

10 

30 

+  3.7 

A  A 

Phenylacetylene 

1.1 

20 

10 

5 

0.0 

Interfering  substances  consist  of  phenols  and  amines,  which  substitute 
bromine,  and  also  hydrazines,  some  aldehydes,  and  other  materials  that 

are  oxidized  by  bromine. 


ELECTRICALLY  GENERATED  BROMINE 

In  a  more  exotic  method  for  determining  unsaturation,  the  bromine  is 
generated  electrically  at  a  constant  rate  in  the  reaction  system  This 
prevents  large  excesses  of  bromine  from  being  present  at  any  time.  Since 
the  addition  reaction  of  bromine  onto  the  unsaturated  bond  is  much 
faster  than  the  substitution  or  oxidation  reactions,  this  approach  general  y 
provides  a  more  accurate  analysis  than  the  foregoing  methods.  Where 
Targe  numbers  of  analyses  have  to  be  run,  the  application  of  this  method 

can  be  justified  quite  readily. 
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Fig.  7.3.  Typical  titration  curves  for  determination  of  various 
olefins. 


Because  bromination  is  not  an  instantaneous  reaction,  the  bromine  is 
not  all  consumed  as  soon  as  it  is  generated;  hence  an  electrometric  end 
point  is  not  possible.  To  circumvent  this  problem,  the  solution  is  viewed 
with  a  spectrophotometer  to  follow  the  bromine  color  in  the  reaction 
system.  In  the  initial  stages  of  the  reaction,  the  bromine  is  consumed 
rather  rapidly;  hence  the  color  remains  low  as  bromine  is  continuously 
generated  at  a  constant  rate.  As  the  unsaturated  linkages  become  satu¬ 
rated,  the  bromine  concentration  in  the  reaction  system  builds  up,  and  the 
color  increases.  Once  the  compound  is  completely  saturated,  the  bromine 
builds  up  sharply,  since  the  substitution  reactions  are  slow.  Figure  7.3 
plots  absorbance  versus  time  yields  curves.  Extrapolation  yields  the  value 
for  the  bromination  of  the  unsaturated  groups. 


Method  of  J.  W.  Miller  and  D.  D.  DeFord 


[Adapted  from  Anal.  Chem .,  29,  475-9  (1957),  Reprinted  in  Part] 


APPARATUS 


A  recording  spectrophotometer  capable  of  covering  the  region  of  360  nm.  The 

instrument  should  yield  plots  of  absorbance  versus  time.  A  Cary  Model  1 1  was  used 

in  the  original  work  of  Miller  and  DeFord.  Miller  and  DeFord  modified  the  cell 

holder  as  shown  below  to  accommodate  a  100-ml  beaker  in  which  to  carrv  out  the 
electrolysis. 
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cell  holder  (Fig.  7.4).  The  base  platform  A  was  made  of  5-in.  aluminum, 
10.0  x  11.5  cm.  The  bottom  of  base  A  was  notched  so  that  when  the  regular  cell 
holder  was  removed,  the  base  of  the  new  cell  holder  would  fit  tightly  into  position 
on  the  platform  pegs  of  the  spectrophotometer  sample  cell  compartment.  Four 
holes  were  drilled  to  a  depth  of  g  in.  on  the  top  of  the  platform  base,  the  centers 
being  1.2  cm  from  each  edge.  These  were  threaded  with  an  8-32  tap.  Four  brass 
rods,  each  10cm  long  and  gin.  in  diameter,  were  threaded  on  each  end  and  then 
screwed  into  these  four  holes. 

The  adapter  B  for  the  beaker  was  constructed  of  g-in.  Bakelite  with  a  hole  cut 
exactly  in  the  center  to  fit  a  100-ml  tail-form  beaker.  The  adapter  was  10.5  x 
11.5  cm.  Four  holes  were  drilled  1.4  cm  from  each  edge  at  the  corners  to  allow 
the  adapter  to  be  set  over  the  four  brass  rods,  which  were  attached  to  the 
platform  base.  Each  brass  rod  had  a  piece  of  brass  tubing  placed  over  it  to  hold 
the  adapter  7  cm  above  the  top  of  the  platform  base.  Shorter  pieces  of  tubing 
were  placed  over  the  rods  after  the  adapter  was  in  position,  and  these  were  held 
tightly  in  place  by  four  nuts.  The  whole  assembly  was  painted  flat  black.  Although 


Fig.  7.4.  Titration  cell  holder  and  sample  cell  compartment 
with  electrodes  and  stirrer  attached. 
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only  a  100-ml  beaker  was  used  in  this  work,  titration  vessels  of  other  s.zes 

be  accommodated  by  using  appropriate  adapters.  standard 

sample  CELL  compartment  cover.  The  cover  was  identical  with  the  standa 
cover  on  the  Cary  spectrophotometer  except  for  three  holes  drilled  near 
center  The  center  hole  held  the  stirring  shaft  of  the  motor,  which  was  mou 
on  the  cover,  and  the  other  two  holes  permitted  the  introduction  of  the  generation 
electrodes.  A  glass  paddle  stirring  rod  was  attached  to  the  motor  by  means  of  a 
No.  1,  one-hole  rubber  stopper.  The  stirrer  was  long  enough  to  reach  just  above 
the  light  path.  By  pushing  the  rubber  stopper  firmly  against  the  cover,  room  lig 
was  prevented  from  entering  the  sample  compartment.  A  small  rheostat  was 
attached  to  the  motor  to  vary  the  speed  of  stirring.  In  the  final  work  with  t  e 
apparatus,  a  large  hole  was  drilled  in  the  cover  to  allow  the  introduction  of  sample 
without  removing  the  whole  cover.  This  hole  was  closed  satisfactorily  by  a  No.  6 

rubber  stopper. 

constant  current  source.  A  Kay-Lab  Meter  Calibrator,  Model  No. 
M 10 A 10  was  used  as  a  source  of  constant  current.  This  instrument  is  capable  of 
delivering  from  0.1  to  100.0  mA  with  an  accuracy  of  5  parts  in  10,000. 
electrodes.  The  anode  used  in  all  determinations  was  a  platinum  foil  elec¬ 
trode  (1. Ox  1.4cm);  the  cathode  was  a  platinum  wire,  which  was  placed  in  a 
compartment  isolated  from  the  bulk  of  the  solution  by  means  of  a  1-cm  sintered- 
glass  disk.  The  cathode  compartment  was  tapered  at  the  top  to  fit  through  a  fk-in. 
hole  in  the  cover. 


reagents 

All  chemicals  employed  were  CP  or  reagent  grade.  The  arsenite  samples  were 
aliquots  of  standard  solutions  prepared  in  the  conventional  way  from  weighed 
quantities  of  arsenic  trioxide.  Standard  solutions  of  the  olefins  were  prepared  by 
weighing  a  known  amount  of  sample  into  a  volumetric  flask  and  diluting  to  the 
mark  with  carbon  tetrachloride.  The  standard  solutions  were  prepared  so  that 
0.500  ml  of  the  sample  solution  would  take  up  13  mg  of  bromine. 

The  generator  electrolyte  was  essentially  a  nonaqueous  mixture  similar  to  that 
employed  by  Sweetser  and  Bricker  (1)  for  the  spectrophotometric  titration  of 
olefins  with  a  standard  bromate-bromide  solution.  A  stock  solution  of  the 
generator  electrolyte  was  prepared  by  mixing  646  ml  of  glacial  acetic  acid,  256  ml 
of  methanol,  16  ml  of  concentrated  aqueous  hydrochloric  acid,  and  30  ml  of  40% 
(by  weight)  of  aqueous  potassium  bromide.  A  15%  (by  weight)  mercuric  chloride 
solution  in  methanol  was  prepared  as  a  catalyst. 


P  ROCEDU  R  E 

Allow  the  spectrophotometer  and  constant  current  source  to  warm  up 
1 5  to  20  minutes  before  beginning  the  titrations.  Select  a  wavelength  of 
1.  P.  B.  Sweetser  and  C.  E.  Bricker,  Anal.  Chem 24,  1107  (1952). 
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360  nm  when  mercuric  chloride  is  employed  as  a  catalyst.  This  is  the 
shortest  wavelength  that  can  be  used  in  the  presence  of  mercuric  chloride, 
which  has  a  high  absorbance  in  the  ultraviolet.  Select  a  rate  of  bromine 
generation  so  that  the  total  time  of  generation  will  be  at  least 
250  seconds.  When  the  standard  solutions  are  prepared  as  described 
previously,  use  a  current  of  50.00  mA. 

Place  the  cell  holder  in  the  sample  cell  compartment,  and  attach  the 
stirring  paddle  and  electrodes  to  the  cover.  Fill  the  cathode  compartment 
with  IN  hydrochloric  acid  (the  nonaqueous  solvent  runs  out  too  rapidly). 
Fill  a  standard  quartz  sample  cell  with  distilled  water  and  place  in  the 
reference  beam;  then  add  95  ml  of  generator  electrolyte  and  8  ml  of  the 
mercuric  chloride  solution  to  the  electrolysis  beaker.  Dry  the  sides  of  the 
beaker  and  polish  with  lens  tissue.  Add  the  olefin  sample  to  the  generator 
electrolyte  by  means  of  an  appropriate  sized  washout-type  micropipet,  and 
place  the  beaker  in  the  cell  compartment.  Set  the  cover  in  place  and 
connect  the  electrodes  to  the  current  source. 

With  the  stirring  motor  running,  move  the  cell  position  shaft  to  a 
position  where  the  absorbance  reading  is  a  minimum.  This  indicates  that 
the  beaker  is  centered  in  the  light  beam.  By  means  of  the  balance  control, 
set  the  recorder  pen  at  any  convenient  position  near  the  bottom  of  the 
absorbance  scale. 

When  all  these  adjustments  have  been  made,  turn  on  the  current  and 
an  electric  timer  simultaneously.  Approximately  100  seconds  before  the 
expected  end  point,  turn  on  the  recorder  chart  drive.  Note  the  exact 
reading  of  the  time  at  the  moment  the  chart  drive  was  started.  Continue 
the  titration  until  the  recorder  has  traced  a  line  several  inches  long  after 
the  end  point  has  passed.  (The  typical  titration  curves  obtained  are  shown 

in  Fig.  7.3). 

Before  each  set  of  titrations,  run  a  blank  on  the  supporting  electrolyte. 


CALCULATION 

The  end  point  was  obtained  by  extrapolation  of  the  two  linear  portions 
of  the  recorded  titration  curve  to  the  point  of  intersection.  The  sum  of  the 
time  indicated  on  the  time  axis  of  the  recorder  chart  plus  that  indicated 
by  the  timer  at  the  moment  recording  was  begun  gave  the  number  of 
seconds  required  for  the  titration.  The  time  required  for  the  blank  was 
subtracted  to  obtain  the  net  titration  time.  The  number  of  milligrams  of 
bromine  generated  was  calculated  from  eq.  1. 

[time  (seconds)]  [current  (amperes)]  (79.916) 
Milligrams  of  bromine  =  96  5 


(1) 
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Bromine  no. 


(2) 


The  factor  79.916  is  the  atomic  weight  of  bromine.  The  bromine 
number  was  calculated  by  use  of  eq.  2. 

Milligrams  of  bromine  x  100 

Sample  weight  (mg) 

The  results  of  the  coulometric  titration  of  13  olefins  of  various  types 
are  given  in  Table  7.  The  weight  of  olefin  in  each  sample  varied  from  3.4 
to  11.2  mg  for  compounds  having  the  largest  and  the  smallest  bromine 

numbers,  respectively. 

Table  7.  Summary  of  Bromination  Results 


Compound 


Source  and  Purity 
of  Olefins 


Coulometric  Procedure 

ASTM 
Method, 
Average 
Error,  % 

Lucas- 
Pressman1 
Procedure, 
Average 
Error,  % 

Bromine  No. 

Theory  Found 

Average 
Error,  % 

Standard 

Deviation 

190.0 

185.4 

-2.42 

0.28(5)b 

+  1.16 

+  9.11 

227.9 

221.6 

-2.76 

0.90(5) 

+  7.77 

+  4.78 

190.0 

184.4 

-2.95 

1.02(5) 

+  0.37 

+4.32 

190.0 

179.4 

-5.58 

1.26(5) 

-1.05 

+  5.53 

142.4 

134.5 

-5.55 

0.89(5) 

+  9.69 

+  8.50 

142.4 

137.6 

-3.23 

0.33(5) 

+  7.94 

+  44.3 

126.6 

120.0 

-5.21 

0.35(5) 

+  9.95 

+  12.56 

120.9 

115.1 

-4.80 

1.06(5) 

-3.72 

+  1.08 

194.6 

193.1 

-0.77 

0.20(5) 

+  2.36 

+  9.71 

295.4 

284.5 

-3.69 

3.24(4) 

-0.14 

+4.43 

389.2 

342.9 

-11.90 

0.65(5) 

—  11.61 

—  1.41 

290.0 

242.4 

-16.41 

0.66(5) 

-6.97 

+  3.72 

469. 2C 

253.4 

-45.99 

1.94(5) 

-43.48 

+  2.90 

234. 6d 

253.4 

+  8.00 

1.94(5) 

+  13.04 

+  105.8 

1 - Hexene3 

2- Methyl-2- 
butene 

4-Methyl-m-2- 

pentene 

4-Methyl-frartj- 

2-pentene 

2-Methyl- 1- 
heptene 

2,4,4-Trimethyl- 

2-pentene 

2,6-Dimethyl- 

1-heptene 

1- Phenyl-2- 
butene 

Cyclohexene3 

4-Vinyl-l- 

cyclohexene 

1.5- Hexadiene 

2.5- Dimethyl- 
1,5-hexadiene 

2- Methyl-l,3- 
butadiene 


Phillips,  99+ 

Phillips,  99  + 

Phillips,  95  + 

Phillips,  95  + 

Peninsular  Chem  Research, 
b.p.,  1 19-21°C 
Phillips,  95  + 

Peninsular  Chem  Research, 
b  p  ,  141-3°C 
Phillips,  99  + 

Eastman 
Phillips,  99  + 

Peninsular  Chem  Research, 
b.p.,  58-60°C 

Peninsular  Chem  Research, 
Unknown 
Phillips,  99+ 


“  Purified  by  silica  gel  chromatography  (ASTM  D  1  158-55T). 

Numbers  in  parentheses  are  number  of  individual  titrations  used  to  calculate  average  bromine  number  and 
standard  deviation. 

c  Bromine  number  for  addition  of  2  moles  of  bromine. 

Bromine  number  for  addition  of  1  mole  of  bromine. 

*  See  pp.  383-386. 


DISCUSSION 


The  efficiency  of  bromine  generation  in  the  generator  electrolyte  was 
checked  by  the  titration  of  arsenic(III).  The  results  of  these  titrations  both 
with  and  without  the  mercuric  chloride  catalyst  are  given  in  Table  8.  A 
wavelength  of  320  nm  was  used  when  no  catalyst  was  present.  These 
results  indicate  that  coulometric  bromine  titrations  with  spectro¬ 
photometry  detection  of  the  end  point  can  be  performed  satisfactorily  in 
this  solvent.  Mercuric  chloride  has  no  effect  on  the  results  obtained 

Because  several  of  the  olefins  had  been  stored  for  over  one  year  their 
purity  was  uncertain  and  the  results  have  little  meaning.  To  evaluate  the 
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Table  8.  Check  of  Current  Efficiency 


Number 
of  Runs 

Current, 

Ma. 

Meq.  of  As203 

Taken  Found 

Error,  % 

Standard 

Deviation 

Catalyst 

8 

50.00 

0.3254 

0.3235 

-0.58 

0.49 

None 

10 

50.00 

0.1302 

0.1292 

-0.77 

1.01 

None 

8 

50.00 

0.3254 

0.3251 

-0.09 

0.12 

8  ml.  HgCl2 

10 

50.00 

0.1302 

0.1295 

-0.54 

0.54 

8  ml.  HgCl2 

coulometric  procedure,  each  of  the  olefins  was  titrated  by  two  standard 
procedures.  The  first  was  that  of  Lucas  and  Pressman  (2)  (see  pp. 
383-386).  This  procedure  uses  a  reaction  time  and  an  excess  of  bromine, 
which  were  found  to  give  the  best  average  results  for  a  large  number  of 
unsaturated  compounds.  However  certain  types  of  compounds,  particu¬ 
larly  highly  branched  olefins,  consume  too  much  bromine  because  of  the 
contribution  of  substitution  reactions.  For  this  reason  the  method  cannot 
be  expected  to  give  good  results  with  all  types  of  unsaturated  compounds. 

The  second  method  was  that  recommended  by  ASTM  for  the  determi¬ 
nation  of  bromine  numbers  (3).  This  method  also  uses  empirically  ad¬ 
justed  reaction  conditions.  Since  the  method  has  been  tested  on  a  large 
number  of  olefins,  it  should  give  more  accurate  results  than  the  Lucas- 
Pressman  method.  Only  highly  branched  olefins  are  reported  to  give 

irregular  results  with  this  method  (3). 

The  results  obtained  for  each  of  the  13  olefins  by  these  two  standard 
procedures  are  summarized  in  Table  7.  Each  result  is  the  average  of  at 
least  five  individual  determinations,  and  is  given  as  the  average  error  (in 
terms  of  per  cent)  from  the  theoretical  bromine  number. 

The  results  shown  in  Table  7,  column  6,  indicate  the  precision  that  can 
be  obtained  in  the  coulometric  determination  of  bromine  numbers.  All 
the  olefin  types  except  tetrasubstituted  ethylenes  were  represented,  and 
the  precision  was  not  determined  by  the  olefin  type.  All  the  results 
obtained  indicate  that  the  samples  were  less  than  100%  pure.  If  substitu¬ 
tion  reactions  had  been  taking  place,  the  results  would  have  indicated  a 

ourity  greater  than  100%. 

P  In  the  hands  of  Miller  and  De  Ford,  the  method  of  Lucas  and  Pressman 
gave  results  consistently  higher  than  the  theoretical  bromme  number  or 
the  pure  compounds.  The  high  results  are  probably  caused  by  the  fac 
Eat  substitution  reactions  are  taking  place  at  the  same  time  as  the  mam 


2. 

3. 


H.  J.  Lucas  and  D.  Pressman, 
American  Society  Testing  and 


Ind.  Eng.  Chem.,  Anal.  Ed .,  10,  140  (1938). 
Materials,  Standards ,  Pt.  V,  D  1158-55T,  p.  595 
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addition  reaction.  This  side  reaction  is  undoubtedly  caused  by  the  long 
contact  time  (7  minutes)  of  the  sample  with  the  excess 

In  the  coulometric  procedure  there  were  two  compounds  for  which  the 
standard  deviation  was  greater  than  1.26%:  4-vinyl-l -cyclohexene  and  2- 
methyl- 1,3-butadiene.  The  extreme  rounding  in  the  titration  curve  of  4- 
vinyl- 1  -cyclohexene  did  not  allow  the  extrapolation  to  be  carried  out  with 
precision.  The  tendency  of  2-methyl- 1,3-butadiene  to  add  either  1  or 
2  moles  of  bromine  did  not  allow  a  set  of  titrations  to  be  carried  out  with 
precision.  The  break  in  the  titration  curve  was  sharp,  but  the  end  point 
showed  a  slight  tendency  to  wander.  If  the  results  for  these  two  com¬ 
pounds  are  omitted,  the  average  standard  deviation  of  the  coulometric 

procedure  is  0.69. 


FACTORS  AFFECTING  TITRATION  CURVES 

The  three  factors  that  affect  the  sharpness  of  the  break  in  the  photo¬ 
metric  titration  curve  are  the  rate  of  bromine  generation,  the  wavelength 
used  for  the  absorbance  measurements,  and  the  rate  of  reaction  with  the 
olefins.  The  greater  the  rate  of  bromine  generation,  the  sharper  will  be 
the  break  in  the  titration  curve.  If  the  wavelength  is  varied  toward  shorter 
wavelengths,  the  sharpness  of  the  break  increases.  As  the  rate  of  bromine 
generation  and  the  wavelength  were  kept  constant  throughout  all  the 
analyses,  only  the  rate  of  addition  of  bromine  to  olefins  determined  the 
shape  of  the  titration  curve. 

Olefins  with  terminal  unsaturation  and  with  no  branching  at  the  double 
bond  showed  considerable  rounding  in  the  vicinity  of  the  end  point — for 
example,  1,5-hexadiene  and  1 -hexene  (Fig.  7.3).  The  exact  end  point  was 
easily  found  by  extrapolation  of  the  two  linear  portions  of  the  curve.  The 
rounding  can  be  attributed  to  the  slowness  of  the  reaction  of  this  type  of 
olefin  under  the  experimental  conditions.  Branching  at  the  2-position  of 
compounds  with  terminal  unsaturation  causes  a  very  sharp  break  with 
little  round  in  the  curve.  This  effect  is  shown  in  Fig.  7.3  by  2,5-dimethyl- 

1 .5- hexadiene  and  2-methyl-l -hexene.  The  strong  electron-repelling  na¬ 
ture  of  alkyl  groups  tends  to  increase  the  negative  charge  density  on  the 
double  bond,  and  this  facilitates  the  attack  of  the  doubly  positively 
charged  bromine-mercuric  ion  complex;  this  is  presumably  the  rate¬ 
determining  step.  Further  branching  of  terminal  double  bonds  or  the 
reaction  of  internal  double  bonds  did  not  change  the  shape  of  the  titration 
curve.  All  the  compounds  titrated  except  1 -hexene,  1,5-hexadiene,  and  4- 
vinyl-1 -cyclo-hexene  have  titration  curves  nearly  identical  with  that  of 

2.5- dimethyl-  1,5-hexadiene.  4-Vinyl- 1 -cyclohexene  shows  even  more 
rounding  than  does  1,5-hexadiene. 
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Even  though  all  the  results  obtained  by  the  coulometric  procedure  were 
low  when  compared  with  the  theoretical  bromine  numbers,  this  error  is 
not  a  real  error.  The  apparent  low  results  represent  only  the  deviation  of 
the  samples  from  100%  purity.  The  facts  that  the  “addition  reaction”  is 
complete,  that  insignificant  abnormal  reactions  occur,  and  that  olefins 
form  peroxides  under  usual  storage  conditions,  indicate  that  the 
coulometric  method  gives  a  true  measure  of  the  actual  olefinic  content  of 
the  sample. 


Iodine  Number  Methods 

Iodine  number  is  the  common  designation  for  the  determination  of 
unsaturation  via  the  addition  of  iodine  monohalides.  There  are  two 
common  iodine  monohalides  used — iodine  monochloride  and  iodine 
monobromide.  Both  methods  cover  approximately  the  same  range  of 
unsaturated  compounds;  however  each  method  has  particular  advantages. 
It  is  the  authors’  opinion  that  the  iodine  monochloride  method  is  faster, 
but  the  iodine  monobromide  method  circumvents  the  reagent  difficulties 
encountered  with  iodine  monochloride.  (This  view  is  not  shared  by  all 
users  of  these  methods.)  There  are  as  many  proponents  to  the  iodine 
monochloride  method  as  there  are  opponents.  It  suffices  to  say  that  both 
methods  do  work  and  are  widely  used;  the  reader  can  use  both  and  judge 
for  himself. 


IODINE  MONOCHLORIDE 


Wijs  Method 

[Reprinted  with  Permission  from  American  Society  for  Testing  and  Materials, 
Standards,  1961,  Part  10,  D-460 ,  pp.  954-6] 


reagents 

POTASS, UM  D, CHROMATE,  STANDARD  SOLUT,ON,  0.1  N.  Dissolve  4.903  grams  Of 
potassium  dichromate  (K2Cr207)  in  water  and  dilute  to  1  liter  at  the  temperature  a 
which  titrations  are  to  be  made.  Note.  Occasionally  potassium  dichromate 
found  containing  sodium  dichromate  (Na2Cr207),  although  this  is  rare, 
the  character  of  the  potassium  compound  is  no,  certain,  the  punty  can  be 
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ascertained  by  titration 
unnecessary. 


against  freshly  resublimed  iodine.  However  this  is  usually 

POTASSIUM  IODIDE  SOLUTION,  150  GRAMS  PER  LITER.  Dissolve  150  grams  Of 
potassium  iodide  (KI)  in  water  and  dilute  to  1  liter. 

sodium  thiosulfate,  standard  solution,  0.1N.  Dissolve  24.8  grams 
sodium  thiosulfate  (Na2S203-5H20)  in  freshly  boiled  water  and  dilute  to  1  liter  at 
the  temperature  at  which  the  titrations  are  to  be  made.  To  standardize,  place 
40  ml  of  potassium  dichromate  to  which  has  been  added  10  ml  of  the  solution  o 
potassium  iodide  in  a  glass-stoppered  flask,  add  5  ml  of  concentrated  hydrochloric 
acid  (sp.  gr.  1:19),  dilute  with  100  ml  of  water,  and  allow  the  sodium  thiosulfate 
solution  to  flow  slowly  into  the  flask  until  the  yellow  color  of  the  liquid  has  almost 
disappeared.  Add  a  few  drops  of  the  starch  paste,  and  while  shaking  constantly, 
continue  to  add  the  sodium  thiosulfate  solution  until  the  blue  color  just  disap¬ 
pears. 

starch  paste.  Boil  1  gram  of  starch  in  2000  ml  of  water  for  10  minutes  and 
cool  to  room  temperature.  Note.  An  improved  starch  solution  may  be  prepared 
by  autoclaving  2  grams  of  starch  and  6  grams  of  boric  acid  dissolved  in  200  ml  of 
water  at  15  lb  pressure  for  15  minutes.  This  solution  has  good  keeping  qualities. 
wijs  iodine  solution.  Dissolve  13.0  grams  of  resublimed  iodine  in  1  liter  of  glacial 
acetic  acid  and  pass  in  washed  and  dried  chlorine  gas  until  the  original  thiosulfate 
titration  of  the  solution  is  not  quite  doubled.  There  should  be  no  more  than  a 
slight  excess  of  iodine,  and  no  excess  of  chlorine.  When  the  solution  is  made  from 
iodine  and  chlorine,  this  point  can  be  ascertained  by  not  quite  doubling  the 
titration.  For  preparation  of  the  Wijs  solution,  use  glacial  acetic  acid  of  99.0  to 
99.5%  strength.  For  glacial  acids  of  somewhat  lower  strength,  freezing  and 
centrifuging  or  draining,  as  a  means  of  purification,  is  recommended.  Preserve  the 
solution  in  amber,  glass-stoppered  bottles,  sealed  with  paraffin  until  ready  for  use. 
Mark  on  the  bottles  the  date  on  which  the  solution  is  prepared;  do  not  use  Wijs 
solution  that  is  more  than  30  days  old.  Note.  For  preparation  of  the  solution, 
Mcllhiney  (4)  gives  the  following  details.  The  preparation  of  the  iodine  monoch¬ 
loride  solution  presents  no  great  difficulty,  but  it  must  be  done  with  care  and 
accuracy  in  order  to  obtain  satisfactory  results.  There  must  be  in  the  solution  no 
appreciable  excess  either  of  iodine  or  more  particularly  of  chlorine,  over  that 
required  to  form  the  monochloride.  This  condition  is  most  satisfactorily  attained 
by  dissolving  in  the  whole  of  the  acetic  acid  to  be  used  the  requisite  quantity  of 
iodine,  using  a  gentle  heat  to  assist  the  solution,  if  it  is  found  necessary;  then 
setting  aside  a  small  portion  of  this  solution,  while  pure  and  dry  chlorine  is  passed 
into  the  remainder  until  the  halogen  content  of  the  whole  solution  is  doubled. 
Ordinarily,  it  will  be  found  that  by  passing  the  chlorine  into  the  main  part  of  the 
solution  until  the  characteristic  color  of  free  iodine  has  just  been  discharged,  there 
will  be  a  slight  excess  of  chlorine  which  is  corrected  by  the  addition  of  the 
requisite  amount  of  the  unchlorinated  portion  until  all  free  chlorine  has  been 

destroyed.  A  slight  excess  of  iodine  does  little  or  no  harm,  but  an  excess  of 
chlorine  must  be  avoided. 

4.  Mcllhiney  et  al„  "Report  of  the  Sub-Committee  on  Shellac  Analysis,"  J  Am  Chem 
Soc.,  29,  1222  (1907). 
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PROCEDURE 

Weigh  accurately  from  0.10  to  0.50  gram  (depending  on  the  iodine 
number)  of  the  sample  prepared  into  a  clean,  dry,  450-ml  (16-oz) 
glass-stoppered  bottle  containing  15  to  20  ml  of  carbon  tetrachloride. 
Add  25  ml  of  the  iodine  solution  from  a  pipet,  allowing  each  sample  to 
drain  for  the  same  length  of  time.  The  excess  of  iodine  should  be  from  50 
to  60%  of  the  amount  added,  that  is,  from  100  to  150%  of  the  amount 
absorbed.  Let  the  bottle  stand  in  a  dark  place  for  30  minutes  at  a 
temperature  of  25  ±2°C,  then  add  20  ml  of  potassium  iodide  solution  and 
100  ml  of  water.  Titrate  the  iodine  with  0.1N  sodium  thiosulfate  solution, 
added  gradually  while  shaking  constantly,  until  the  yellow  color  of  the 
solution  has  almost  disappeared.  Add  a  few  drops  of  starch  paste  and 
continue  titration  until  the  blue  color  has  entirely  disappeared.  Toward 
the  end  of  the  reaction,  stopper  the  bottle  and  shake  vigorously,  so  that 
any  iodine  remaining  in  solution  in  the  carbon  tetrachloride  may  be  taken 
up  by  the  potassium  iodide  solution.  Make  two  determinations  on  blanks, 
employing  the  same  procedure  as  used  for  the  sample  except  that  no 
sample  should  be  used  in  the  blanks.  Slight  variations  in  temperature 
quite  appreciably  affect  the  titer  of  the  iodine  solution,  since  acetic  acid 
has  a  high  coefficient  of  expansion.  It  is  therefore  essential  that  the  blanks 
and  determinations  on  the  sample  be  made  at  the  same  time. 

CALCULATION 

Calculate  the  iodine  number  of  the  sample  tested  (centigrams  of  iodine 
absorbed  by  1  gram  of  sample;  (i.e.,  percentage  of  iodine  absorbed),  as 

follows: 

(B-A)Nx  12.69 

Iodine  value  = - — 

where 

A  =  milliliters  of  Na2S20,  solution  required  for  titration  of  the  sample 
B  =  milliliters  of  Na2S203  solution  required  for  titration  of  the  blank 

C  =  grams  of  sample  used 
N  =  normality  of  the  Na2S203  solution 


IODINE  MONOBROMIDE 


Hanus  Method 

[As  Described  in  F.  D.  Snell  and  F.  M.  Biffen.  Commercial  Methods  of  Analysis, 
McGraw-Hill,  New  York,  1944,  pp.  345-6,  719 ] 
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reagents 

hanus  iodine  monobrom.de  solution.  Dissolve  13.6  grams  of  CP  iodine  m 
825  ml  of  glacial  acetic  acid  by  warming  and  stirring.  Cool  the  solution  and  pipet 
out  25  ml;  dilute  to  about  200  ml  and  titrate  with  0.1N  thiosulfate. 

Add  3  ml  of  CP  bromine  from  a  buret  to  200  ml  of  glacial  acetic  acid,  mix  we, 
and  pipet  out  5  ml.  Dilute  to  about  150ml  with  water,  and  add  10ml  of  15  /o 
potassium  iodide  solution.  Titrate  the  liberated  iodine  with  0.1N  sodium  thiosul¬ 
fate.  The  titration  for  the  5  ml  of  bromine  solution  should  be  approximately  80  /o 

of  the  titration  of  the  25  ml  of  the  iodine  solution. 

The  amount  of  bromine  solution  to  be  added  to  the  remaining  800  ml  of  iodine 

solution  is  calculated  as  follows: 


800  x 


Titration  of  iodine  solution/25 
Titration  of  bromine  solution/5 


After  mixing,  dilute  the  solution  to  1  liter  with  acetic  acid,  and  store  in  a 
glass-stoppered  amber  bottle.  A  blank  should  be  run  with  each  determination  or 
with  each  set  of  determinations,  if  more  than  one  sample  is  run  at  one  time. 
Standard  sodium  thiosulfate,  0.1N. 

Potassium  iodide  solution,  15%. 

Starch  indicator  solution. 


PROCEDURE 

Take  a  sample  of  such  a  size  that  titration  of  the  sample  solution  will  be 
at  least  60%  that  of  the  blank.  If  the  sample  titration  comes  to  less  than 
60%  of  the  blank,  not  enough  reagent  is  present  for  complete  reaction 
and  the  analysis  should  be  repeated  with  a  smaller  sample. 

Dissolve  the  sample  in  chloroform  or  carbon  tetrachloride  using  a 
250-ml  iodine  flask.  If  warming  is  necessary  to  dissolve  the  sample,  the 
solution  should  be  cooled  to  room  temperature  before  the  Hanus  solution 
is  added.  Put  the  same  volume  of  solvent  in  a  separate  flask.  Into  each  of 
these  flasks,  pipet  25  ml  of  Hanus  solution,  and  shake  the  flasks  to  ensure 
homogeneity.  Allow  the  samples  to  stand  for  exactly  30  minutes  with 
occasional  shaking.  After  that  time,  add  50  to  100  ml  of  water  10  ml  of 
15%  potassium  iodide  solution.  Titrate  the  liberated  iodine  with  0.1N 
thiosulfate  until  the  iodine  color  has  almost  disappeared.  Add  1  ml  of 
starch  indicator,  and  continue  titration  until  the  blue  color  is  discharged. 

he  flask  should  be  agitated  quite  vigorously  when  the  reaction  is  near 
the  end  point  to  ensure  extraction  of  all  the  iodine  from  the  organic  layer. 


398 


Quantitative  Organic  Analysis 


CALCULATIONS 

Milliliters  of  thiosulfate  for  blank 

minus  milliliters  of  thiosulfate  for  sample  =  A 

A  x  N  thiosulfate  x  126.9  x  100  .  .  centigrams  of  iodine 

- — - - - ; - : - =  %  iodine  = - 

Grams  of  sample  x  1000  grams  of  sample 

(The  calculation  is  given  in  these  arbitrary  units  because  this  procedure 
is  used  mostly  on  hydrocarbons,  fatty  acids,  and  esters,  where  no  clear-cut 
compound  exists  but  a  mixture  of  unsaturated  compounds  is  present. 
There  is  no  conclusive  molecular  weight  that  can  be  used  in  these  cases. 
When  definite  compounds  are  being  determined,  the  molecular  weight  of 
the  compound  can  be  substituted  for  the  126.9,  and  this  divided  by  2  for 
each  double  bond  present,  since  2  equivalents  of  iodine  are  involved  per 
double  bond.  The  equation  will  then  yield  the  percentage  of  compound.) 

The  foregoing  procedure  was  found  to  operate  very  well  on  unsatu¬ 
rated  hydrocarbons,  fatty  acids,  esters,  vinyl  esters,  and  some  unsaturated 
alcohols.  There  are  compounds  for  which  the  procedure  does  not  operate 
as  cleanly.  Trouble  can  sometimes  be  noted  by  a  continual  fading  back  ot 
the  end  point. 

In  addition  to  the  substitution  problems  mentioned  at  the  beginning  of 
this  procedure,  any  compound  that  is  readily  oxidized  will  also  give 

erroneous  results. 

In  spite  of  the  previously  mentioned  drawbacks,  the  procedure  still  has 
a  relatively  wide  applicability  and  a  rather  high  precision  and  accuracy 
±1-2%)  when  none  of  the  interferences  are  present. 

It  was  found  advisable  in  the  work  to  check  each  new  batch  of  Hanus 
solution  against  a  standard  to  ensure  proper  preparation.  The  inves¬ 
tigators  used  corn  oil  because  of  its  stability  and  because  it  is  so  readily 
adapted  to  this  procedure. 


Hydrogenation  Methods 


There  are  a  multitude  of  apparatus  for  determining  unsaturated  com¬ 
pounds  by  the  addition  of  hydrogen.  The  authors  have  selected  five  since 
each  of  these  covers  one  or  more  of  the  various  attributes  of  an  analytical 


method. 
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RAPID,  SIMPLE  QUANTITATIVE  METHOD 

The  following  method  has  been  used  in  the  laboratory  of  S.  Siggia  for 
many  years  and  is  quite  satisfactory  if  a  precision  and  accuracy  of  ±5  /o  is 
acceptable.  The  main  advantage  of  the  method  is  simplicity  and  ease  of 

operation. 


PROCEDURE 


Add  about  3  ml  of  solvent  and  about  0.5  gram  of  catalyst  to  the 
hydrogenation  vessel.  The  amount  of  catalyst  is  not  critical.  If  a  larger 
amount  of  catalyst  is  used,  the  hydrogenation  of  the  compound  proceeds 
more  rapidly.  The  time  required  to  saturate  the  catalyst,  however,  is 
much  longer,  so  that  no  time  is  saved.  When  a  small  amount  of  catalyst  is 
used,  the  sample  hydrogenates  more  slowly,  but  the  time  is  saved  in 
saturating  the  catalyst. 

Put  a  weighed  sample  that  will  consume  about  0.0002  mole  of  hy¬ 
drogen  in  the  cup  indicated  by  A  in  Fig.  7.5.  If  the  sample  is  a  solid,  weigh 
it  in  a  small  aluminum  boat  or  envelope.  Place  the  boat  in  the  cup.  Weigh 
liquid  samples  in  small  glass  receptacles  or  in  gelatin  capsules.  (When 
using  capsules,  water  must  be  used  as  the  solvent.)  All  joints  and 
stopcocks  should  be  well  greased  to  prevent  hydrogen  leakage. 

Flush  the  system  with  a  slow  stream  of  hydrogen  for  3  to  5  minutes, 
introducing  the  hydrogen  through  stopcock  at  £,  which  is  in  position  as 
indicated;  the  mercury  level  is  as  near  the  stopcock  as  possible.  Allow  the 
hydrogen  to  escape  through  stopcock  C.  After  3  to  5  minutes  close 
stopcock  C  and  lower  the  mercury  to  a  position  well  below  the  calibra¬ 
tions  on  the  buret.  Then  turn  stopcock  B  to  position  D  and  disconnect 
the  hydrogen. 


Apply  a  pressure  of  about  3  cm  Hg  and  start  the  stirrer.  The  stirring  is 
brought  about  by  a  rotating  magnet  under  the  reaction  flask  with  a  small 
glass-covered  iron  paddle  inside  the  flask.  These  magnetic  stirrers  can  be 
purchased  or  they  can  be  improvised  by  attaching  a  magnet  to  the  shaft  of 
a  stirring  motor.  The  more  vigorous  the  agitation,  the  more  rapidly  will 
the  catalyst  be  saturated  and  the  sample  hydrogenated.  When  the  mer¬ 
cury  level  ceases  to  rise,  it  signifies  that  the  catalyst  is  saturated.  Then 
raise  the  leveling  bulb  and  slowly  open  stopcock  C,  allowing  hydrogen  to 
escape  until  the  mercury  level  is  within  the  calibrations  on  the  gas  buret. 
Close  the  stopcock  again  and  allow  about  5  to  10  minutes  for  the 
apparatus  to  come  to  equilibrium.  Note  the  buret  reading  and  the 
temperature.  Then  allow  the  sample  to  fall  into  the  solvent  by  turning  A. 
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Fig.  7.5.  Quantitative  hydrogenation  apparatus. 

Apply  about  3  cm  pressure  as  agitation  is  continued,  until  the  level  of  the 
mercury  ceases  to  rise.  Take  the  buret  reading  and  again  apply  3  cm 
pressure  for  10  minutes  to  ensure  complete  reaction.  Note  the  tempera- 

*“  For  accurate  results,  the  volume  of  the  apparatus  is  needed  to  correct 
hydrogen-volume  readings  when  the  temperature  at  the  end I  of 
analysis  is  different  from  the  temperature  at  the  beginning, 
done  the  volume  readings  will  be  in  error  because  of  expansion 
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of  free  space  at  the  end  of  the  hydrogenation.  This  volume  is  corrected 
for  temperature  changes  that  may  have  occurred  during  the  determina- 
tion  by  the  following  equation: 

Vl=V2 

Tx  T2 

where 

T  =  absolute  temperature 

The  difference  between  the  volume  before  the  temperature  correction 
and  the  volume  after  the  correction  is  the  volume  change  due  to  expan¬ 
sion  or  contraction  of  the  gas  in  the  apparatus.  This  volume  change  is 
either  added  or  subtracted  from  the  volume  of  hydrogen  consumed  as 
read  on  the  burets,  depending  on  whether  the  final  temperature  was 
lower  or  higher  than  the  initial  temperature. 

Low-boiling  solvents  are  to  be  avoided,  since  temperature  changes 
affect  the  vapor  pressure  of  the  solvent.  Since  the  low-boiling  solvents 
exhibit  significant  variations  in  vapor  pressure  over  the  range  of  tempera¬ 
tures  encountered  in  the  room,  significant  errors  can  result  in  the  volume 
measurements. 

In  this  procedure  a  7-ml  buret  is  used.  Results  have  an  accuracy  and 
precision  of  ±5%.  If  a  50-ml  gas  buret  is  used  and  the  sample  is  5  to  8 
times  larger  (the  remainder  of  the  apparatus  remaining  exactly  the  same), 
the  results  will  be  accurate  and  precise  to  ±1  to  2%. 

Oxygen  should  be  completely  eliminated  from  the  apparatus,  since  it 
will  consume  hydrogen.  Any  other  materials  that  can  be  reduced  with 
hydrogen  will,  of  course,  interfere. 


CALCULATIONS 


v>  _  Vo 

T°C  +  273  273 

_ ^q/22,400 _ moles  of  hydrogen  consumed 

Grams  of  sample/mol.  wt.  of  sample  mole  of  sample 

where 

V,  =  volume  of  hydrogen  consumed  (corrected  for  any  tempera¬ 
ture  fluctuations) 

V0  =  volume  of  hydrogen  converted  to  0°C 
T°C  +  273  =  temperature  of  the  experiment 

and  the  temperature  at  0°C  =  273 
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Materials  used  to  test  the  procedure  were  cinnamic  acid,  maleic  acid, 
n -butyl,  and  n -propyl  vinyl  ethers,  2-butyne-l,4-diol,  propargyl  alcohol, 
and  methyl  acrylate. 


CAUTION 

All  Raney  nickel  should  be  stored  under  alcohol  (preferably  a  high- 
boiling  alcohol).  Dry  Raney  nickel  will  react  with  atmospheric  oxygen, 
emitting  sparks  that  can  ignite  any  surrounding  combustible  material.  The 
presence  of  hydrogen  increases  the  hazards.  None  of  the  catalysts  should 
be  allowed  to  dry  in  the  apparatus,  on  the  desk  top,  or  on  the  implements 
used  to  introduce  catalyst  into  the  apparatus. 

Adam’s  catalyst  when  dry  will  glow  in  the  presence  of  hydrogen  and 
oxygen.  Hydrogen  is  adsorbed  on  the  catalyst  and  reacts  with  oxygen, 
emitting  much  heat.  When  the  catalyst  is  put  in  the  apparatus,  it  should 
be  completely  wet  with  solvent.  Any  dry  particles  of  catalyst  will  glow  as 
soon  as  the  hydrogen  is  introduced,  causing  either  the  solvent  vapors  to 
flash  or  the  hydrogen-air  mixture  to  explode. 


Method  of  N.  Clausson-Kaas  and  F.  Limborg 


[Acta  Chem.  Scand.,  1,  884-8  (1947)] 

This  method  has  a  higher  accuracy  and  precision  (±1%)  than  the 
previous  method.  Also,  temperature  effects  are  eliminated,  since  the 
entire  equipment  is  thermostated.  The  disadvantages  of  the  equipment 
are  that  it  is  not  composed  of  simple  parts  and  must  be  either  purchased 
or  made  by  glassblowing;  also,  the  hydrogen  pressures  that  can  be  applied 
are  slight  and  hence  the  hydrogenations  proceed  rather  s low  y. 

Hydrogenation  takes  place  in  the  vessel  I  (Fig.  7.6),  which  communi¬ 
cates  with  a  compensation  vessel  II  by  a  manometer.  During  hydrogena¬ 
tion  the  drop  of  pressure  in  I  is  compensated  by  the  addition  of  mercury 
from  a  buret,  and  in  this  way  the  manometer  is  kept  at  zero  The  amou 
of  hydrogen  h  (in  milliliters  at  0°/760  mm  Hg)  consumed  by  the  sub- 

stances  given  by  eq.  3 

.  p„k  the  volume  Of  added  mercury  in  milliliters,  T  the  absolute 
temperature,  B  the  atmospheric  pressure  in  millimeters  ol  mercury,  an 
the*  vapor"  pressure  of  the  solvent  in  millimeters  of  mercury  a.  T  . 
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II 


Fig.  7.6.  Principle  of  the  method:  vessel  I,  hydrogenation; 
vessel  II,  compensation. 


The  foregoing  principle  was  introduced  by  Smith  (5),  and  later  emp¬ 
loyed  by  Slotta  and  Blanke  (6),  Jackson  and  Jones  (7),  Breitschneider  and 
Burger  (8),  and  Prater  and  Haagen-Smit  (9).  The  advantage  of  the 
method  as  compared  to  other  methods  has  been  reviewed  by 
Breitschneider  and  Burger  [cf.  also  Pfeil  (10)]. 

The  method  described  here  uses  a  modification  of  the  apparatus  of 
Breitschneider  and  Burger.  Magnetic  stirring  has  been  employed  to  avoid 
the  use  of  the  fragile  glass  coil  that  connects  the  hydrogenation  vessel 
with  the  manometer;  the  air  is  washed  out  by  a  stream  of  hydrogen 
without  evacuating  the  entire  apparatus;  this  makes  it  possible  to  dispense 
with  an  arrangement  to  remove  the  manometer  liquid.  The  new  apparatus 
is  simpler  and  easier  to  handle,  whereas  the  obtainable  accuracy  remains 
the  same. 

APPARATUS 

Figure  7.7  gives  a  detailed  design  of  the  apparatus  ( 1 1).  The  total  volume  of  the 
parts  on  either  side  of  the  manometer  is  about  70  ml  and  the  two  volumes  should 
be  of  the  same  size  within  2  to  3  ml. 

5.  J.  H.  C.  Smith,  J.  Biol.  Chem.,  96,  35  (1932). 

6.  K.  H.  Slotta  and  E.  Blanke,  J.  Prakt.  Chem.,  143,  3  (1935). 

7.  H.  Jackson  and  R.  N.  Jones,  J.  Chem  Soc.,  895  (19361. 
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The  graduation  of  the  manometer  must  not  necessarily  be  very  accurate 
inasmuch  as  it  only  used  to  adjust  the  pressure  difference  to  zero.  A  2-cm  long 
graduation  in  millimeters  is  very  convenient. 

^  The  buret  is  about  40  cm  long  and  contains  5  ml.  Every  milliliter  is  graduated  n 
50  parts;  of  course  a  longer  and  more  accurate  buret  may  be  employed  equally 
well.  The  tip  of  the  buret  is  so  fine  that  1  ml  of  mercury  flows  through  it  in  about 
1  minute.  Therefore  it  is  not  necessary  to  adjust  the  flow  of  mercury  with  the  cock 

A  25-mm  long  iron  rod  is  attached  to  a  platinum  beaker  p  so  that  the  beaker 
may  be  hooked  off  and  dropped  into  the  solvent  by  a  magnet.  The  rod  is  wrapped 
in  a  platinum  sheet,  soldered  with  gold,  to  avoid  corrosion  of  the  iron  by  the 


solvent. 

The  whole  apparatus  is  supported  by  a  clamp  just  beneath  the  cock  b  and 
immersed  into  a  bath  filled  with  water.  The  water  in  the  constant-temperature 
bath  is  stirred  efficiently  to  assure  equality  of  temperature  throughout  the  bath. 
The  liquid  in  the  hydrogenation  vessel  is  agitated  by  a  Teflon-jacketed  iron  rod, 
which  is  rotated  by  a  revolving  magnet  placed  under  and  outside  the  glass 
constant-temperature  bath. 

Before  use  the  apparatus  is  cleaned,  and  the  cocks  are  carefully  greased  with 
Apiezon.  Mercury  is  filled  into  A  and  is  sucked  up  into  the  buret  by  applying 
suction  to  e.  When  the  mercury  has  reached  the  upper  mark  of  the  buret,  b  is 
closed  and  suction  turned  off.  There  should  now  be  only  a  small  amount  of 
mercury  left  in  A,  just  enough  to  cover  the  tip  of  the  end  of  the  buret. 

The  apparatus  including  the  constant-temperature  bath  and  magnetic  stirrer  can 
be  purchased  from  Dr.  Hans  Hosli,  Bischofszell,  Switzerland. 


PROCEDURE 


Fill  the  solvent  into  C  (about  2  ml)  and  into  the  manometer  by 
disconnecting  the  cock  d.  Place  the  catalyst  and  2  ml  of  the  solvent  in  the 
hydrogenation  vessel.  Weigh  the  substance  to  be  analyzed  into  the 
platinum  beaker,  which  eventually  is  suspended  on  the  glass  hook.  Then 
connect  the  hydrogenation  vessel  with  the  main  part  of  the  apparatus  and 
remove  the  air  in  the  whole  apparatus  by  leading  a  stream  of  hydrogen 
through  c  with  d  and  a  open.* 


When  all  air  has  been  removed,  first  close  a  and,  shortly  afterwards,  c. 
In  this  way  the  pressure  inside  the  apparatus  will  become  slightly  higher 
than  that  of  the  atmosphere.  Start  stirring  to  hydrogenate  the  catalyst.  At 
the  same  time  the  hydrogen  becomes  saturated  with  the  vapours  of  the 
solvent.  When  the  catalyst  is  perfectly  hydrogenated,  the  manometer  will 
remain  on  level  if  d  is  closed.  Now  relieve  the  excess  pressure  by  opening 


eranh  pTecaut'ons  concernin8  the  employed  reagents,  and  so  on,  see  the  mono¬ 

graph  of  Pregl  on  quantitative  organic  microanalysis  (5th  ed.,  Vienna,  1947.) 
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a  for  a  moment  ( d  must  be  open).  Register  the  temperature  and  the 
atmospheric  pressure.  Close  d  and  commence  hydrogenation  by  dropping 
the  beaker  with  the  substance  into  the  solvent. 

Absorption  of  hydrogen  causes  the  left  part  of  the  manometer  to  be 
filled  with  the  manometer  liquid.*  When  a  reading  of  the  consumption  of 
hydrogen  is  desired,  stop  stirring  and  let  mercury  into  A  until  the 
manometer  again  stands  on  level. t  Hydrogenation  is  continued  till  no 
decrease  of  pressure  is  observed  and  the  manometer  remains  on  level. 

Sorbic  acid  (M  Mol.  Wt.  =  112.06)  was  employed  to  test  the  apparatus. 
The  sample  was  alternately  sublimated  in  vacuum  (twice)  and  recrystallized 
from  water  (three  times).  The  results  of  five  hydrogenations  in  2  ml  of 
alcohol  with  Adam’s  catalyst  are  cited  in  Table  9. 

Table  9 


Sample  Pt02 
mg.  mg. 

B 

mm. 

e 

mm. 

a  after  90 
Minutes 
T°  ml. 

a  after  5,  10, 15,  a 

20  and  40  Hours,  Calcu- 
Respectively  lation 

Error, 

°/ 

/o 

8931 

13 

771.7 

38.0 

273  +  17.7 

3952 

3952 

3955 

0.1 

8726 

10 

771.2 

39.6 

273  +  18.4 

3882 

3883 

3885 

0.1 

8583 

8 

773.8 

42.3 

273  +  19.5 

3835 

3835 

3836 

0.0 

8845 

5 

764.4 

39.0 

273  +  18.1 

3961 

3961 

3967 

0.1 

3451 

4 

764.8 

38.2 

273  +  17.8 

1541 

1542 

1544 

0.1 

The  experiments  demonstrate  that  the  error  is  less  than  0.2%  even 
after  hydrogenation  for  40  hours. 


Method  of  C.  W.  Gould  and  H.  Drake 


[ Reprinted  in  Part  from  Anal.  Chem.,  23 ,  1157-60  (1951)] 


This  method  has  the  advantage  of  using  hydrogen  under  relatively  high 
pressure  (up  to  5  atm),  hence  the  reactions  are  rapid.  Also,  the  method 
has  an  accuracy  and  precision  of  ±1%.  But  the  required  apparatus  ts  not 
simple  and  must  be  constructed  because  it  cannot  be  purchased.  e 
method  utilizes  0.5  to  12.0  mM  of  hydrogen  for  optimum  results. 


*  The  volumes  of  the  different  parts  of  the  apparatus  are  chosen  so  that  5  ml  of  hydrogem 
that  is  the  total  content  of  the  buret,  may  be  consumed  without  causing  the  solvent 
into  A.  Thus  it  is  possible  to  leave  the  apparatus  unattended  during  hydrogenation,  y 
th  pmiivalent  weicht  of  the  substance  is  to  be  determined, 
t  Temperature  fluctuations  of  the  order  oj -on* i  degree  may 

wate^ bath  should  therefore  be  hep,  constant  within  about 

0.5°C. 
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APPARATUS 

Figure  7  8  shows  that  the  arrangement  is  like  many  described  previously 
(12-16).  except  that  a  metal  syringe  replaces  the  double  manometer  and 
mercury  leveling  bulb,  a  sensitive  Bourdon  gauge  serves  as  the  pressure  indicator, 
and  a  long  stainless  steel  capillary  is  used  to  connect  the  reactor  w.th  the 

measuring  system.  .  ,  ,  ,  ,  , 

valves  AND  manifold.  Connections  are  made  with  fittings  having  the  standard 

i-jn.  pipe  thread.  ‘Lunkenheimer’  stainless  steel  needle  valves  are  installed  to 
resist  leakage  of  hydrogen  from  the  manifold. 

syringe.  The  syringe  consists  of  a  water-jacketed  cylinder  7  in.  (17.5  cm)  long 
and  1.180-in.  in  bore,  and  a  piston  moved  by  a  screw  18  threads  per  inch  and 
0.625  in.  in  diameter.  Each  turn  of  the  screw  displaces  1.00  ml.  On  the  circumfer¬ 
ence  of  a  wheel  attached  to  the  screw  are  engraved  10  divisions,  each  equivalent 
to  0.10  ml.  A  sectional  drawing  (Fig.  7.9)  shows  the  construction  of  the  syringe. 
The  cord  packing  in  the  piston  is  clamped  tightly  between  washers  held  by  a  cap 
bolt.  To  prevent  leakage  of  hydrogen  through  and  around  this  packing,  a  thick 
mixture  of  gear  oil  (Texaco  Thuban  250)  and  fine  graphite  provides  a  satisfactory 
seal.  At  5  atm,  no  leakage  of  hydrogen,  can  be  detected  in  24  hours. 
gauge.  An  Ashcroft  laboratory  test  gauge,  0  to  120  psi  in  0.5-psi  divisions,  was 
calibrated  up  to  5  atm  with  a  10-foot  open  mercury  manometer,  and  a  new  dial 
was  made  to  read  directly  in  absolute  atmospheres.  Any  deviation  from  1  atm 


Fig.  7.8.  Diagram  of  hydrogenation  apparatus. 

12.  H.  Jackson,  J.  Soc.  Chem.  Ind .,  57,  97T  (1938). 

13.  I.  B.  Johns  and  E.  J.  Seiferle,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13,  341  (1941) 

14.  L.  M.  Joshel,  Ibid.,  15,  590  (1943). 

15.  C.  L.  Ogg  and  F.  J.  Cooper,  Anal.  Chem.,  21,  1400  (1949). 

16.  H.  E.  Zaugg  and  W.  M.  Lauer,  Anal.  Chem.,  20,  1022  (1948). 
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Fig.  7.9.  Syringe. 


caused  by  barometric  change  is  applied  as  a  correction  to  the  initial  and  final 
gauge  readings. 

connection  between  manifold  and  reactor.  Since  the  reactor  is  rocked  by 
a  shaker,  a  flexible  connection  is  necessary.  This  is  a  10-foot  length  of  stainless 
steel  tubing,  0.125  in.  in  outside  diameter  (1.25  mm  in  bore),  with  two  coiled 
sections  as  shown  in  Fig.  7.8. 

This  tube  is  important  in  preventing  solvent  vapors  from  diffusing  back  into  the 
syringe  and  gauge. 

reactor.  The  reactor  was  made  by  the  Corning  Glass  Works  from  standard 
heavy-walled  1-in.  pipe  according  to  the  dimensions  in  Fig.  7.10.  The  open  end  is 

the  regular  Corning  borosilicate  glass  pipe  ending. 

The  reactor  is  connected  to  the  connecting  tube  by  bolting  the  standard 
borosilicate  glass  fitting  to  a  flange  brazed  to  the  connecting  tube. 

From  a  hook  on  the  inlet  tube  hangs  a  sample  cup  made  from  a  lipless  5-ml 
borosilicate  glass  beaker.  The  inlet  tube  opens  to  the  side,  rather  than  to  the 
bottom,  to  avoid  blowing  material  from  the  sample  cup  when  hydrogen  enters  the 


reactor 

The  gasket  is  of  two  layers.  Next  to  the  glass  face  is  a  layer  of  0.1 25-in.  Teflon, 

next  to  the  Teflon  is  smooth  i6-in-  neoprene.  , 

shaker  A  Bodine  motor.  Type  NC-1-12  RH,  1/50  hp.  w,th  a  30: 1  reduction 
gear,  furnishes  power  at  57  rpm  which  is  transferred  to  a  Fisher  clamp  by  a  wheel. 


1 _ Standard  Pyrex 


pipe  ending 


Standard  Pyrex 

ct-  rpipe 


Fig.  7.10.  Reactor. 
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connecting  arm,  and  crank  arm  (Fig.  7.11).  A  slot  m  the  crank  arm  perrmts 
changes  in  the  amplitude  of  the  rocking  motion. 

temperature  control.  A  centrifugal  pump  circulates  water  at  2.3  liters  per 
minute  between  the  jacket  of  the  syringe  and  a  constant-temperature  bath  <0.1  C 
control  by  mercury  regulator),  in  which  the  reactor  is  immersed  as  far  as  the 

shaker  clamp  will  allow. 


PROCEDURE 

Add  a  water  slurry  containing  about  1.3  grams  of  fresh  Raney  nickel  to 
40  ml  of  solvent  in  the  reactor.  Hang  the  sample  cup  containing  a 
weighed  sample  equivalent  to  0.5  to  12.0  mM  of  hydrogen  on  the  hook 
attached  to  the  reactor  inlet  tube. 

Lightly  oil  the  gaskets  with  Texaco  Thuban  250  gear  oil  and  place  on 
the  flange  of  the  reactor,  then  carefully  lower  the  sample  cup  and  inlet 
tube  into  the  neck  of  the  reactor,  and  bolt  the  flanges  together.  A  10-lb 
torque  on  the  end  of  a  6-in.  wrench  is  more  than  enough  to  tighten  the 
bolts  and  prevent  hydrogen  leakage. 

With  the  syringe  set  at  a  reading  of  70  and  the  hydrogen  value  closed, 
evacuate  the  apparatus  through  the  outlet  valve,  which  was  connected  to 
the  vacuum  line.  Then,  without  delay,  close  the  outlet  valve  and  slowly 
admit  hydrogen  until  the  gauge  reading  is  5  atm  absolute.  Repeat  this 
purging  operation  twice  more  to  eliminate  air  from  the  system.  On  the 
last  filling,  turn  the  syringe  screw  slowly  to  readings  near  0.0  as  hydrogen 
is  admitted  and  the  gauge  pressure  is  increasing.  This  avoids  any  possibil¬ 
ity  of  drawing  solvent  vapors  from  the  reactor  into  the  syringe  and  gauge. 

Start  the  circulating  pump,  adjust  the  bath  temperature,  and  start  the 
shaker.  Open  the  hydrogen  valve  as  necessary  to  give  a  gauge  reading  of 


Fig.  7.11.  Shaker. 
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5.00  atm  (or  any  other  desired  working  pressure  above  atmospheric),  and 
then  close.  Then  continue  shaking  for  5  minutes  while  saturating  the 
catalyst  ^nd  solvent  with  hydrogen;  maintain  the  pressure  by  adjusting 
the  syringe.  After  this  equilibration,  continue  shaking  for  5  minutes  more 
to  let  the  operator  look  for  leaks  or  changes  in  bath  temperature. 

Make  bath  temperature  and  syringe  readings  at  the  exact  desired 
working  pressure.  Stop  the  shaker,  unclamp  the  reactor,  and  tip  it  so  that 
the  sample  cup  and  its  contents  fall  into  the  catalyst-solvent  slurry.  Then 
clamp  the  reactor  as  before  and  resume  shaking. 

Since  hydrogen  is  used,  turn  the  syringe  screw  to  maintain  the  original 
pressure.  If  necessary,  the  syringe  can  be  refilled  with  hydrogen  at  a  slight 
sacrifice  in  accuracy;  stop  the  shaker  during  such  refilling  so  that  hy¬ 
drogen  uptake  is  very  slow. 

Near  the  end  of  the  hydrogenation,  unclamp  the  reactor  and  tip  it  so 
that  solvent  can  wash  down  any  sample  particles  adhering  in  the  neck  of 
the  reactor.  Then  resume  shaking. 

When  the  original  pressure  is  maintained  without  further  syringe  ad¬ 
justment  and  the  temperature  is  constant  at  its  original  reading,  record 
the  syringe  reading  and  use  it  in  the  calculation 


p(y2-v  i) 

0.08206  T 


Millimoles  of  H2  = 


where  P  is  the  gauge  reading  in  atmospheres,  corrected  for  changes  in 
barometric  pressure,  V2  and  V,  are  the  final  and  initial  syringe  readings 
in  milliliters,  and  T  is  the  absolute  temperature  of  the  bath. 

RESULTS 

Data  from  several  typical  hydrogenation  experiments  are  given  in 

Table  10.  r  , 

In  these  experiments  1.3  grams  of  Raney  nickel  and  40  ml  ot  solvent 

were  used.  The  working  pressure  in  all  cases  was  5.00  atm,  and  the  bath 
temperature  was  25  to  30°C,  except  in  the  cases  indicated,  where  temper¬ 
ature  near  0°C  were  used. 

Raney  nickel  was  chosen  for  this  work  because  of  Whitmore  and 
Hpmonstration  (17)  of  its  usefulness  in  azo  splitting. 


(1940). 


i 


Catalyst, 


1.3 


Table  10.  Tests  of  Hydrogenation  Apparatus: 
grams  of  Fresh  Raney  Nickel;  Solvent,  40  ml;  Pressure, 
Temperature,  Room  Temperature  or  Ice  Temperature 


5.00  atm; 


Hydrogen 


Test  Substance 


Cinnamic  acid 


2,4-Dinitrodiphenylamine 


Competitive  azo  dye  I,  mol.  wt.  300.3, 
one  nitro  and  one  azo 


OH 


Weight, 

grams 

Solvent 

Time, 

min. 

Theory, 

mM 

Found, 

mM 

Error, 

% 

0.4947 

EtOH 

25a 

3.34 

3.39 

+  1.5 

0.9942 

EtOH 

20 

6.71 

6.69 

-0.3 

1.0788 

EtOH 

30 

7.28 

7.30 

+0.3 

1.0426 

BuOH 

20 

7.04 

7.09 

+0.7 

0.9964 

MeOH 

30 

6.72 

6.71 

-0.15 

1.0002 

DMFb 

20 

6.75 

6.76 

+0.15 

0.3091 

EtOH 

105“ 

7.15 

7.04 

-1.5 

0.2612 

EtOH 

66 

6.05 

5.97 

-1.3 

0.3941 

EtOH 

45 

9.12 

9.05 

-0.8 

0.3160 

EtOH 

40 

7.31 

7.30 

-0.1 

0.3307 

BuOH 

60 

7.65 

7.64 

i-H 

o 

1 

0.3505 

BuOH 

60 

8.11 

8.12 

+0.1 

0.4172 

EtOH 

90“ 

6.95 

6.92 

-0.4 

0.4283 

EtOH 

168“ 

7.13 

7.12 

-0.1 

0.3906 

EtOH 

20 

6.50 

6.45 

-0.8 

0.3355 

BuOH 

30 

5.59 

5.53 

-1.1 

0.2983 

EtOH 

180 

5.80 

5.82 

+0.3 

Competitive  azo  dye  II,  mol.  wt.  428.4,  2.003  EtOH 

one  nitro  and  one  azo 


35  9.29  9.23  -0.6 


90  23.35  22.85  -2.1 

(Syringe  refilled) 


DMFb  60  3.74  3.72  -0.5 


“  Ice  temperature. 
h  Dimethylformamide. 
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The  solvents  were  of  reagent  grade. 

The  hydrogen  was  purchased  from  the  Air  Reduction  Co.  (manufac¬ 
tured  by  the  Paschall  Oxygen  Co.,  Philadelphia).  It  had  a  purity  above 

99.5%,  as  stated  by  the  manufacturer  and  confirmed  by  Gould  and 
Drake. 


DISCUSSION 


From  the  results  in  Table  10  it  can  be  calculated  that  standard 
deviation  of  the  errors  is  0.7,  excluding  the  next  to  the  last  case  where  the 
syringe  was  refilled.  There  is  no  correlation  between  the  errors  and  either 
the  temperature  or  the  solvent  employed.  The  error  in  the  case  of 
cinnamic  acid,  for  example,  is  no  worse  with  methanol  as  the  solvent  than 
with  n -butyl  alcohol.  If  a  correction  for  solvent  vapor  pressure  were 
required,  the  errors  caused  by  neglecting  it  would  be  -3.2  and  -0.17% 
for  methanol  and  butanol,  respectively  (for  reductions  at  25°C  and 
5  atms). 

The  explanation  for  this  lack  of  dependence  on  vapor  pressure  is 
believed  to  be  that  the  10-foot  connecting  tube  between  manifold  and 
reactor  serves  as  an  effective  barrier  against  diffusion  of  solvent  vapor 
back  into  the  syringe-gauge  system,  particularly  during  a  hydrogenation, 
when  there  is  a  counterflow  of  gas  to  the  reactor. 

To  estimate  the  diffusion  rate  of  solvent  through  the  connecting  tube, 
the  following  experiment  was  carried  out. 

One  end  of  a  2-foot  length  of  borosilicate  glass  capillary,  1.25  mm  in 
bore,  was  drawn  out  to  a  fine  tip.  The  other  end  was  fastened  through  a 
50-ml  filter  flask  as  shown  in  Fig.  7.12.  Hydrogen  gas  was  passed  through 
the  apparatus  and  forced  through  the  capillary.  The  fine  tip  was  dipped  in 
methanol,  and  a  column  of  solvent  allowed  to  rise  in  the  capillary  until 
the  meniscus  was  20  mm  above  the  drawn-down  section,  then  the  tip  was 
removed  and  quickly  sealed  in  the  Bunsen  flame.  In  this  way,  the  solvent 


was  sealed  in  the  capillary  under  the  hydrogen. 

Finally,  the  capillary  was  mounted  in  a  vertical  position,  and  hydrogen 
was  passed  slowly  (0.5  ml  per  minute)  through  the  filter  flask  for  several 
days.  The  average  rate  at  which  the  meniscus  receded  was  2.5  mm  per 
day  at  25°C;  this  rate  was  not  changed  measurably  during  an  additional 
24  hours  with  an  increased  hydrogen  flow  of  15  ml  per  minute. 

'  In  a  control  experiment,  the  capillary  was  evacuated,  whereupon  the 
methanol  meniscus  receded  at  a  rate  of  3  mm  per  minute.  The  slow 
diffusion  of  methanol  through  hydrogen  was  thereby  shown  not  to  be 
result  of  limitation  by  the  extent  of  evaporation  surface. 
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* - MeOH 

w 


Fig.  7.12.  Arrangement  for  diffusion  experiments. 

These  results  suggest  that  in  this  case  correction  for  solvent  vapor 
pressure  is  not  justified  because  no  significant  amount  of  vapor  can  enter 
the  measuring  system  under  the  specified  operating  conditions. 

In  the  literature  on  laboratory  hydrogenation  at  constant  pressure, 
most  experimenters  who  made  a  correction  for  solvent  vapor  had  previ¬ 
ously  saturated  their  hydrogen  before  introducing  it  into  their  apparatus. 

The  closest  analogy  to  the  apparatus  of  Gould  and  Drake  is  described 
by  Jackson  (12),  who  used  a  flexible  glass  helix  and  other  connections 
totaling  3.4  meters  of  tubing  5  mm  in  inside  diameter  (estimated)  between 
measuring  system  and  reactor.  He  did  not  saturate  his  hydrogen  with 
solvent,  but  he  did  make  a  correction  for  its  vapor  pressure.  This 
correction  may  be  justified  because  solvent  vapor  could  reach  his  measur¬ 
ing  system  through  a  smaller  diffusion  barrier  than  that  of  Gould  and 
Drake,  at  1  atm  hydrogen  pressure,  during  the  3  to  4  hours  that  Jackson 
allowed  for  temperature  equilibration. 

The  authors  of  this  textbook  have  used  the  procedure  above  and  have 
found  it  to  operate  for  chloroacrylates,  1,4-butynediol,  hexene,  traces  of 
vinyl  monomers  in  hexane,  and  unsaturation  in  natural  oils. 


Method  of  Miller  and  DeFord 

[Adapted  from  Anal.  Chem .,  30 ,  295-8  (1958),  Reprinted  in  Part ] 

The  method  of  Miller  and  DeFord  involves  the  use  of  electrically 
generated  hydrogen.  Again,  as  in  the  methods  of  Clausson-Kaas  and 
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Gould  and  Drake,  the  apparatus  is  not  standard  equipment  and  must  be 
constructed  by  the  analyst.  The  apparatus  is  not  complex,  however,  and  it 
has  the  advantage  that  it  operates  more  or  less  automatically.  The 
accuracy  and  precision  obtainable  are  of  the  order  of  ±2  to  3%. 

Manegold  and  Peters  (18)  were  the  first  to  use  electrically  generated 
hydrogen  in  place  of  the  conventional  gas  buret.  Its  use  for  the  deter¬ 
mination  of  relative  rates  of  hydrogenation  has  been  described  by  Far¬ 
rington  and  Sawyer  (19).  The  new  apparatus  is  a  modification  of  that  of 
Manegold  and  Peters  (18),  which  embodied  a  cell  for  generating  hyd¬ 
rogen  electrically,  a  gas  coulometer  to  measure  the  amount  of  electricity 
consumed,  and  a  reaction  vessel.  This  apparatus  measured  both  the  rate 
of  reaction  as  indicated  by  the  current  intensity  and  the  total  amount  of 
gas  consumed  as  shown  by  the  coulometer,  but  the  current  has  to  be 
adjusted  manually  during  a  run,  so  that  the  rate  of  generation  equaled  the 
rate  of  disappearance  of  hydrogen.  The  apparatus  was  constructed  to 


measure  large  volumes  of  gas  (liters)  and  was  too  complex  for  easy 
reproduction  and  maintenance. 

These  disadvantages  were  overcome  by  automatic  electrolysis,  which 
regulated  the  pressure  and  varied  the  electrolysis  current  so  that  rates  of 
consumption  and  generation  of  hydrogen  were  equal. 

Figure  7.13  is  a  schematic  diagram  of  the  apparatus.  The  sample,  the 
solvent,  and  the  catalyst  are  contained  in  the  reaction  flask  F.  The  flask  is 
connected  to  the  U-shaped  electrolysis  cell  T2  by  the  gas  manifold  and 
drying  tube  T,.  The  entire  system  is  closed  to  the  atmosphere  by 
stopcocks  and  by  placing  generator  electrolyte  in  T2. 

The  catalyst  is  prereduced  with  hydrogen;  when  reduction  is  complete, 
the  increase  in  the  hydrogen  pressure  in  the  system  causes  the  liquid  to  be 
pushed  away  from  the  electrode.  The  contact  between  the  electrode  and 
electrolyte  is  broken,  and  the  electrolysis  current  is  automatically  shut  off. 
The  pressure  in  the  system  exceeds  the  atmospheric  pressure  by  an 
amount  that  corresponds  to  the  difference  in  liquid  levels  in  the  U-tube 
arms.  When  the  sample  is  introduced  into  the  solvent,  reaction  takes 
Dlace  and  the  hydrogen  pressure  in  the  system  decreases,  causing  e 
fiqufd  "  make  contact  with  the  electrode.  The  rate  of  hydrogen  genera- 
,ion  is  adjusted  to  equal  the  initial  rate  of  hydrogen  consumption.  After 
this  setting  is  made,  the  hydrogenation  is  automatic. 

Some  decree  of  current  control  is  achieved  by  employ, ng  a  tapered 
electrode  so  that  its  depth  of  immersion  in  the  electrolyte  governs  the 
current  flowing  As  hydrogenation  proceeds,  the  rate  of  hydrogen  uptake 
de".L  ”"nd8  ,hc  liquid  level  Ms.  sio»,nE  down  .he  of  hydrogen 

18.  E.  Manegold  and  F.  /Am' 78,  5536  (1956). 

19.  P.  S.  Farrington  and  D.  1.  J.  sawyer,  j.  run. 
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Fig.  7.13.  Hydrogenation  apparatus  of  Miller  and  DeFord. 

generation.  If  the  rate  of  generation  exceeds  the  rate  of  consumption 
because  of  a  slow  hydrogenation  reaction,  the  instrument  will  cycle  on 
and  off.  During  the  off-cycle  the  pressure  in  the  system  slowly  drops  until 
the  liquid  makes  contact  with  the  electrode  again.  When  no  hydrogen  is 
generated  for  a  given  length  of  time,  the  reaction  is  assumed  to  be 
complete. 

A  stepping  recorder  was  placed  in  the  coulometer  circuit,  so  that  the 
number  of  milliequivalents  of  hydrogen  consumed  was  plotted  against 
time.  After  the  initial  adjustments,  the  hydrogenation  proceeds  to  com¬ 
pletion  automatically  with  no  operator  attention.  The  results  are  then 
calculated  from  the  coulometer  reading  as  registered  on  the  recorder. 


apparatus 

The  reaction  vessel  F  was  constructed  from  a  25-ml  Erlenmeyer  flask  to  which 
was  added  a  standard-taper  14/20  joint, A  short  length  of  6-mm  tubing  served 
as  a  side  arm  for  introduction  of  sample.  A  female  standard-taper  14/20  joint 
sealed  to  a  3-in.  length  of  1-mrn  capillary  tubing,  connected  the  reaction  vessel  to 
the  rest  of  the  system.  The  ball  and  socket  joint  J2  was  placed  above  the  reaction 
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flask  to  give  flexibility  to  the  system.  The  three-way  2-mm  capillary  stopcock  C, 
allowed  the  reaction  flask  to  be  evacuated  before  hydrogenation  was  begun.  A 
water  aspirator  was  satisfactory  for  evacuation. 

A  hydrogen  reservoir  R,  a  500-ml  separatory  funnel  filled  with  mineral  oil  and 
attached  to  the  system  by  the  three-way  2-mm  capillary  stopcock  C2,  served  as  a 
source  of  hydrogen  for  the  flushing  procedure.  The  absorption  tube  T,,  filled  with 
8-mesh  calcium  chloride,  dried  the  hydrogen  before  it  passed  into  the  reacting 
system.  The  generator  cell  T2  was  a  U-shaped  drying  tube  closed  on  the  left  by  a 
No.  0  rubber  stopper  through  which  extended  the  platinum  generating  cathode 
(1.0  x  1.4  cm).  The  cathode  was  tapered  so  that  the  width  at  the  bottom  was 
one-half  that  at  the  top.  A  rod  of  reagent  grade  zinc  served  as  the  generator 
anode.  The  individual  components  were  joined  with  2-mm  capillary  tubing  with 
butt  joints  of  Tygon  tubing  between  components.  Such  construction  allowed  easy 
cleaning  of  the  apparatus  and  made  it  flexible  and  less  subject  to  breakage.  The 
total  volume  of  gas  in  the  apparatus,  including  the  electrolysis  cell,  drying  tube, 
connecting  tubing,  and  empty  reaction  flask,  was  51.5  ml.  To  reduce  errors  arising 
from  changes  in  temperature  or  pressure,  this  gas  volume  should  be  kept  as  small 
as  possible. 

The  side  arm  of  the  flask  was  closed  by  a  rubber  serum  bottle  stopper.  Liquid 
samples  were  injected  by  a  hypodermic  syringe,  which  served  as  a  weight  buret. 
For  solid  samples  a  cup  (shown  in  Fig.  7.13)  was  constructed  of  i-in.  aluminum 
rod,  in.  long.  A  hole  ^  in.  in  diameter  was  drilled  into  the  center  of  the  rod  to  a 
depth  of  iin.  Two  small  holes  were  drilled  opposite  each  other  at  the  top  and  a 
wire  loop  of  Chromel  A  wire  was  attached.  The  cup  was  hung  from  a  hook  made 
from  a  needle  bent  at  the  end  and  inserted  through  a  serum  bottle  stopper.  The 
cup  was  dropped  into  the  catalyst-solvent  mixture  by  a  half-turn  of  the  stopper. 
The  hydrogenation  mixture  was  agitated  by  a  |-in.  magnetic  stirring  bar  placed  in 
the  reaction  flask. 

The  current  source  was  a  Sargent-Slomin  Electroanalyzer,  chosen  because 
low-voltage  current  was  desired  to  prevent  arcing  between  the  electrode  and  the 
liquid  when  contact  was  broken.  Two  direct-reading  coulometers  were  used 
during  the  work.  The  first  (20)  was  based  on  the  principle  of  charging  a  condenser 
to  a  given  voltage  with  the  generation  current  and  counting  the  number  of  times  it 
was  charged  during  a  run.  The  second  used  an  integrating  motor  (Model  120T-3, 
Summers  Gyroscopy  Co.,  Santa  Monica,  Calif.)  to  measure  the  amount  of 
electricity  passed  during  a  run.  Miller  and  De  Ford  described  the  design  and 
operation  of  these  coulometers  in  subsequent  publications. 


reagents 

CP  Concentrated  sulfuric  acid  was  used  to  prepare  the  6 N  acid. 

Platinum  oxide  catalyst  and  10%  palladium-on-charcoal  were  obtained  from 

the  American  Platinum  Works,  Newark,  N.J. 

20.  D.  D.  DeFord  and  C.  E.  Toren,  Northwestern  University,  Evanston,  Ill.,  unpublished 
results,  1955. 
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,  ,  r  thp  comoounds  used  was  unknown.  The  following 

The  purity  of  seven  o  ^  ^mpoun*  manufacturer;  dnnamic  acid  and 

materials  were  used  as  rece  propyl  ke(one  (Matheson, 

acetophenone  (Eastman  Kodak  C-O.),  P  £  a  m  t  \  tup  low 

Coleman  and  Bell  Division,  Matheson  Co„  East  Rutherford  NT.). The  low 

results  obtained  for  these  compounds  were  undoubtedly  due  to  lack  of  purity. 

Relent  grade  benzene  was  dried  with  sodium  wire  before  use  The 
naphthalene  had  been  purified  by  being  crystallized  4  ‘™“  fr°^each  °f  e 
following  solvents:  glacial  acetic  acid,  acetone,  and  ethyl  alcohol,  was  fu 
purified  "by  refluxing  for  39  hours  in  ethyl  alcohol  over  Raney  mckel  P 
Nitrophenol  was  purified  by  recrystallization  from  IN  sulfuric  acid.  Its  melting 

point  was  112  to  1 13°C. 


PROCEDURE 

By  electrolyzing  6 N  sulfuric  acid,  hydrogen  gas  is  produced  at  the 
cathode.  With  all  the  stopcocks  open  to  the  atmosphere,  allow  hydrogen 
to  flow  through  the  system  20  minutes  before  any  determinations  are 
carried  out.  During  the  flushing  and  filling  operations,  adjust  the  current 
to  its  maximum  (1  ampere)  by  increasing  the  applied  potential  to  full 
value.  Then  fill  the  reservoir  with  electrically  generated  hydrogen.  While 
flushing  the  apparatus,  weigh  the  catalyst  into  the  reaction  flask  and  add 
5  ml  of  solvent.  Place  a  weight  of  solid  sample  corresponding  to  a 
hydrogen  uptake  of  between  2  and  22  ml  in  the  aluminum  cup.  Hang  the 
cup  on  the  hook  after  the  solvent  and  catalyst  have  been  added.  High- 
boiling  liquids  can  also  be  weighed  into  the  cup  with  no  loss  when  the 
reaction  vessel  is  evacuated.  Make  up  liquid  samples  of  high  volatility  as 
standard  solutions  in  the  hydrogenation  solvent,  so  that  1  ml  of  the 
solution  takes  up  the  required  amount  of  hydrogen.  Fill  a  1-ml  tuberculin 
syringe  (Yale  No.  1  YT,  Becton,  Dickinson,  and  Co.,  Rutherford,  N.J.)  to 
the  1-ml  mark  with  solution  and  weigh.  After  injection  of  exactly  1  ml  of 
sample  solution,  reweigh  the  syringe,  and  calculate  the  sample  size  from 
the  loss  in  weight. 

Attach  the  reaction  flask  containing  catalyst  solvent  and  magnetic 
stirring  bar  to  the  apparatus.  Turn  stopcock  C2  so  that  only  the  hydrogen 
reservoir  R  is  connected  to  the  reaction  vessel,  and  alternately  evacuate 
and  fill  the  reaction  flask  with  hydrogen  by  proper  adjustment  of  stopcock 
Q-  After  five  evacuations,  turn  both  stopcocks  so  that  the  reaction  vessel 
is  connected  directly  to  the  generator  cell.  Set  the  magnetic  stirring  motor 
at  a  speed  that  allows  rapid  hydrogen  transfer  across  the  gas-liquid 
interface.  Reduce  the  catalyst  until  the  coulometer  indicates  no  hydrogen 
uptake  for  10  minutes.  Turn  on  the  recorder  and  reset  the  register  on  the 
coulometer  to  zero.  Then  introduce  the  sample,  either  by  dropping  the 
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aluminum  cup  or  by  injecting  1  ml  of  the  sample  solution  into  the  solvent. 
Note  the  temperature  and  barometric  pressure. 

For  the  hydrogenation  of  aromatic  nuclei,  use  glacial  acetic  acid  as  the 
solvent  and  platinum  oxide  as  the  catalyst.  Most  of  the  other  reductions 
are  carried  out  in  95%  ethyl  alcohol;  10%  palladium-on-charcoal  is  the 
catalyst.  The  catalyst  usually  weighs  10  to  20%  as  much  as  the  sample. 
This  amount  is  sufficient  to  permit  the  reaction  to  go  to  completion  in  less 
than  an  hour. 


CALCULATION  OF  RESULTS 


The  number  of  counts  on  the  coulometer  was  used  to  calculate  the 
results.  As  the  coulometers  had  been  previously  calibrated  in  terms  of 
milliequivalents  per  count,  the  number  of  milliequivalents  of  hydrogen 
generated  was  the  product  of  the  number  of  counts  and  the  calibration 
factor.  This  result  was  compared  to  the  theoretical  number  of  milliequiv¬ 
alents  of  hydrogen.  The  results  were  then  calculated  as  the  hydrogen 
number,  defined  in  eq.  4  as 


Hydrogen  number  = 


n  (20 1.6) 
mol.  wt. 


(4) 


where  n  is  the  number  of  double  bonds.  The  experimental  hydrogen 
number  was  calculated  by  substituting  the  proper  values  in  eq.  5. 


(Milliequivalents  of  H2)(100.8) 
Hydrogen  number  =  Weight  of  sample  (mg)  ~ 


(5) 


If  the  sample  was  added  as  a  standard  solution,  the  number  of  millie¬ 
quivalents  of  hydrogen  generated  did  not  represent  actual  hydrogen 
uptake.  When  1  ml  of  solution  was  added,  the  liquid  level  in  the 
generator  cell  was  pushed  a  corresponding  distance  below  the  cathode. 
Even  though  hydrogen  was  consumed  by  the  sample,  no  counts  were 
registered  until  slightly  more  than  1  ml  of  hydrogen  had  been  used.  For 
this  reason  it  was  necessary  to  add  to  the  number  of  milliequivalents 
obtained  from  the  coulometer  the  number  of  milliequivalents  of  hydrogen 
equivalent  to  the  volume  of  sample  added.  The  volume  was  corrected  to 
standard  pressure  and  temperature  before  it  was  used  in  any  calculations. 
The  total  number  of  milliequivalents  taken  up  by  the  sample  was  t  en  Q 
sum  of  those  from  the  coulometer  reading  and  those  from  the  volume  o 

sample  added. 
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RESULTS  and  discussion 


The  accuracy  and  precision  expected  for  the  hydrogenation  of  a  variety 
lheaccura  y  F  1 1  t  13  The  standard  deviation  is 

of  compounds  are  shown  in  Tables  11  to  13.  1  ne  sui 


Table  11.  Hydrogenation 

of  Cinnamic  Acid 

Number  of 
Determinations 

Weight  Range 
Sample,  mg. 

Hydrogen 

Number 

Found 

Error,  % 

Standard 
Deviation,  % 

Maximum 
Deviation 
from  Mean 

H0  Consumed 
ml. 

4 

4 

4 

4 

4 

72.6- 74.4 

36.2- 37.5 

18.6- 19.6 

10.2- 10.9 

5. 2-5. 7 

1.342“ 

1.339 

1.330 

1.324 

1.343 

—  1.47 
-1.69 
-2.35 
-2.79 
-1.39 

0.58 

1.98 

1.59 

1.14 

3.18 

0.01  lb 

0.034 

0.029 

0.019 

0.052 

1 1 

5.5 

2.7 

1.6 

0.84 

“Theoretical  hydrogen  number  is  1.362. 

6  In  terms  of  hydrogen  number. 

Table  12.  Coulometric  Hydrogenation  of  Unsaturated  Compounds 


Hydrogen  Number  Standard  Maximum 

Number  of  Weight  Range  _ -Error,  %  Deviation,  Deviation 

Determinations  Sample,  mg.  Theory  Found  %  from  Mean0 


Compound 


Benzene 
Naphthalene 
p-Nitrophenol 
Acetophenone 
Phenyl  propyl  ketone 


11  14.9-15.4 

6  20.6-23.3 

8  47.2-54.3 

5  72.5-74.2 

7  57.2-62.4 


7.754 

7.578 

-2.27 

7.865 

7.671 

-2.47 

4.348 

4.273 

-1.72 

1.678 

1.638 

-2.38 

1.361 

1.330 

-2.28 

3.26 

0.152 

1.44 

0.173 

1.74 

0.127 

1.04 

0.024 

3.75 

0.090 

0  In  terms  of  hydrogen  number. 


Table  13.  Hydrogenation  of  Fumaric  Acid;l 


T  ,  Hydrogen  Number 

Number  of  Weight  Range  _ -  6 _ 

Determinations  Sample,  mg.  Theory  Found 


Standard 

Error,  %  Deviation,  % 


3 

51.5-53.9 

1.737 

1.741 

+  0.23 

2.18 

6 

25.7-27.2 

1.737 

1.711 

-1.50 

1.72 

10 

12.0-13.0 

1.737 

1.741 

+  0.23 

4.82 

°  Practical  grade  material  was  recrystallized  from  1  Ar  hydrochloric  acid  and  vacuum  dried  at  50°C  before  use. 


less  than  2%  in  all  but  four  cases.  The  poor  precision  for  benzene  was 
probably  due  to  partial  loss  of  sample  during  introduction  into  the 
reaction  flask.  The  average  of  three  determinations  of  benzene  on  a 
hydrogenation  apparatus  identical  to  that  described  by  Park,  Planck,  and 
Dollear  (21)  was  -2.22%.  This  result  agrees  with  that  obtained  on  the 
new  apparatus.  The  extrapolation  procedure  used  to  find  the  number  of 
coulometer  counts  for  the  reduction  of  phenyl  propyl  ketone  accounts  for 
the  high  standard  deviation  of  this  compound.  Typical  rate  curves  are 
shown  in  Fig.  7.14. 

21.  F.  C.  Park,  R.  W.  Planck,  and  F.  G.  Dollear,  J.  Am.  Oil  Chem.  Soc.,  29,  227  (1952). 


420 


Quantitative  Organic  Analysis 


Time  (min.) 

Fig.  7.14.  Typical  rate  curves. 

When  the  nitro  group  had  been  completely  reduced,  the  uptake  of 
hydrogen  continued  at  a  slow  rate.  The  difference  in  the  rate  of  the  main 
reduction  and  the  slow  reaction  was  large  enough  so  that  the  end  point 
could  be  determined  by  extrapolation  of  the  two  linear  portions  of  the 
curves.  The  end  points  for  the  hydrogenation  of  the  two  aromatic 
ketones,  acetophenone,  and  phenyl  propyl  ketone,  also  were  found  by 
extrapolation.  The  curve  after  the  break  was  linear  only  at  an  optimum 
catalyst  sample  ratio  of  5%;  higher  ratios  gave  a  rounded  curve,  wh.ch 
could  not  be  used  for  extrapolation.  In  such  cases  the  optimum  concen¬ 
tration  of  catalyst  must  be  determined  before  unknowns  are  analyzed. 

Table  1 1  indicates  the  effect  of  sample  size  on  the  determination  of 
cinnamic  acid  (average  results).  In  three  of  the  five  werght  ranges,  at  least 
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one  of  the  four  determinations  gave  a  high  result.  It  was *  P°« 
hydrogenate  microsamples  with  little  loss  in  accuracy.  The  precision 
decreased  slightly  as  the  sample  size  decreased;  this  may  be  the  result  of 
the  effect  of  temperature  on  the  liquid  level  in  the  cathode  compartmen 

It  was  possible  to  reduce  acetophenone  rapidly  to  ethylbenzene,  wi 
no  break  in  the  rate  curve  corresponding  to  the  alcohol  intermediate,  by 
using  a  3 : 1  sample-catalyst  ratio.  The  consumption  of  hydrogen  stopped 
abruptly  upon  completion  of  this  reaction.  Two  such  hydrogenations  gave 

errors  of  -4.41  and  3.75%,  respectively. 

Naphthalene  might  be  expected  to  give  low  results  because  of  its  slow 
rate  of  hydrogenation.  The  low  results  on  p-nitrophenol  are  unexplained. 

Three  main  factors  affect  the  accuracy  of  the  hydrogenations:  tempera¬ 
ture,  pressure,  and  surface  tension.  With  a  dead  volume  of  46.5  ml  when 
the  reaction  flask  is  filled  with  5  ml  of  solvent,  a  1  C  change  in  tempera¬ 
ture  during  a  hydrogenation  is  equivalent  to  0.16  ml  of  gas.  The  final 
result  may  be  high  or  low,  depending  on  the  direction  of  the  temperature 
change.  For  relatively  large  samples  that  require  on  the  order  of  15  ml  of 


hydrogen,  this  error  is  only  1%,  but  for  every  small  sample,  the  error  may 
be  as  large  as  20%.  In  the  laboratory  of  Miller  and  De  Ford,  temperature 
fluctuations  were  small  or  negligible  during  a  determination  and  the 
accuracy  and  precision  were  good.  During  the  summer  months  the  room 
temperature  varied  by  as  much  as  10°C  during  the  day,  but  fluctuations 
during  a  run  must  have  been  small.  In  many  situations  some  form  of 
temperature  control  would  have  to  be  maintained. 

The  effect  of  temperature  fluctuation  could  be  lessened  by  decreasing 
the  dead  volume  of  the  apparatus  and  by  using  a  smaller  reaction  flask 
and  no  drying  tube.  The  drying  tube  accounted  for  more  than  half  the 
dead  volume.  The  use  of  85%  sulfuric  acid  permitted  elimination  of  the 
drying  tube,  since  the  vapor  pressure  of  water  is  negligible  over  it. 
Because  the  low  conductivity  of  85%  acid  limited  the  current  to  a  few 
milliamperes,  however,  only  microsamples  could  be  analyzed. 

Since  one  arm  of  the  generator  cell  is  open  to  the  atmosphere,  changes 
in  atmospheric  pressure  also  produce  errors.  A  pressure  change  of 
1  mm  Hg  is  equivalent  to  approximately  0.06  ml  of  hydrogen.  It  is  possi¬ 
ble  that  a  pressure  increase  could  be  compensated  by  a  temperature 
increase,  so  that  no  error  would  be  introduced.  It  is  unlikely  that  pressure 
would  change  by  1  mm  Hg  during  a  half-hour  determination;  thus  the 
error  from  this  source  would,  in  general,  be  small. 

Because  of  surface  tension  effects,  the  liquid  level  in  the  cathode  arm  of 
the  generator  cell  at  the  moment  when  contact  with  the  cathode  is  broken 
is  about  1  mm  lower  than  the  level  at  which  contact  is  reestablished.  With 
the  cell  used,  this  difference  in  height  corresponds  to  a  volume  of  about 
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0.13  ml.  For  this  reason  there  is  a  dead  zone  corresponding  to  this  volume 
of  hydrogen.  The  dead  zone  corresponds  to  a  possible  error  of  1%  when 
approximately  15  ml  of  hydrogen  is  consumed.  The  percentage  of  error 
increases  as  the  volume  of  hydrogen  uptake  decreases.  If  desired,  the 
dead  zone  could  be  reduced  to  a  negligible  value  by  use  of  a  cathode 
compartment  of  smaller  cross  section  or  more  elaborate  manostats. 

The  apparatus  should  be  useful  for  rate  studies,  since  the  rate  curves 
are  automatically  plotted.  Extremely  small  changes  in  rates  are  easily 
noted  from  the  recorded  curves.  Naphthalene  shows  a  small  break  at 
40%  reaction:  this  is  because  of  the  difference  in  reaction  rates  of 
naphthalene  and  Tetralin  (22,  23).  The  end  point  of  a  hydrogenation  can 
be  determined  by  the  sharp  break  in  the  recorded  curve.  The  apparatus 
can  be  used  to  study  rates  only  when  the  rate  of  reaction  is  slower  than 
the  rate  of  transfer  of  hydrogen  across  the  gas-liquid  interface.  The  rate 
of  transfer  has  been  shown  to  be  dependent  on  stirring  (24,  25).  For  rate 
studies,  the  reaction  vessel  described  by  Vandenheuvel  (24)  should  be  the 
most  satisfactory.  Because  the  hydrogenation  rate  curves  were  used  only 
to  locate  the  end  points,  the  reliability  of  these  curves  was  not  studied. 
The  curves  for  a  compound  such  as  naphthalene  showed  differences  from 
determination  to  determination,  undoubtedly  due  to  the  effect  of  agita¬ 
tion. 

The  low  results  are  what  might  be  expected  for  the  compounds  used, 
and  no  known  systematic  error  exists  in  the  system.  A  thermostated 
apparatus  would  eliminate  one  large  source  of  error. 


HYDROGEN  FROM  SODIUM  BOROHYDRIDE 
Method  of  C.  A.  Brown,  C.  S.  Shanti,  and  H.  C.  Brown 


[ Adapted  from  Anal.  Chem .,  39,  823  (1967)] 

The  in  situ  preparation  of  highly  active  hydrogenation  catalysts  (26,  27) 
has  been  combined  with  an  automatic  valve  (28,  29)  for  the  generation  of 
hydrogen  from  sodium  borohydride  to  provide  a  convenient  technique  for 
the  determination  of  unsaturation  through  quantitative  hydrogenation. 


22.  R.  H. 

23.  R.  D. 

24.  F.  A. 

25.  F.  A. 

26.  H.  C. 

27.  H.  C. 

28.  C.  A. 

29.  C.  A. 


Baker  and  R. 
Schuetz,  Ph.D 
Vandenheuvel, 
Vandenheuvel, 
Brown  and  C. 
Brown  and  C. 
Brown  and  H. 
Brown  and  H. 


D.  Schuetz,  J.  Am.  Chem.  Soc.,  69,  1250  (1947). 

.  thesis,  Northwestern  University,  Evanston,  Ill.,  1947. 
Anal.  Chem.,  24,  847  (1952). 

Ibid.,  28,  362  (1956). 

A.  Brown,  J.  Am.  Chem.  Soc.,  84,  1494,  2827  (196J. 
A.  Brown,  Tetrahedron,  Suppl.,  8,  Pt.  I,  149  (1966). 

C.  Brown,  J.  Am.  Chem.  Soc.,  84,  2829  (1962). 

C.  Brown,  J.  Org.  Chem.,  31,  3989  (1966). 
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In  the  recommended  procedure,  a  standardized  borohydr.de  solution  s 
used  to  measure  the  hydrogen  uptake.  Because  the  buret  contains  only 
liquid  it  need  not  be  thermostated.  The  only  requ.rements  for  accuracy 
are  that  the  hydrogenator  vessel  be  thermostated  and  that  the  pressures 
at  the  beginning  and  end  of  the  reaction  be  the  same^  The  former  is 
assured  by  a  small  constant-temperature  bath,  the  latter  by  the  analytica 
procedure.  The  method  has  been  used  to  hydrogenate  from  0.2  o 

2  o mM  of  compound  with  an  accuracy  of  1%.  Analyses  require  about 

3  minutes  each,  20  minutes  being  sufficient  for  triplicate  analyses,  includ- 
ing  the  preparation  of  the  catalyst. 


apparatus 


The  hydrogenator  (Fig.  7.15)  consists  of  a  65-ml  flask  (containing  a  Teflon- 
coated  stirring  bar)  with  a  24/40  ground  joint  and  a  hydrogenator  valve  (also  with  a 
24/40  joint)  having  a  mercury  well  and  injection  port,  which  is  fastened  to  a 
mercury  bubbler  by  means  of  an  18/9  O-ring  joint.  A  precision-bore  5-ml  buret 
with  a  reservoir  and  a  three-way  stopcock  is  attached  to  the  valve  by  means  of  a 
12/30  ground  joint.  Mercury  in  the  central  well  serves  as  a  sealant  and  control 
liquid.  A  drop  in  the  pressure  of  the  system  below  atmospheric  causes  borohy- 
dride  solution  to  be  sucked  from  the  buret  tip,  through  the  mercury,  out  of  the  vent 
holes  just  below  the  12/30  joint,  and  into  the  flask.  Acid  in  the  flask  and  the 
borohvdride  react  to  produce  hydrogen,  the  increase  in  hydrogen  pressure  causing 


Fig.  7.15.  Analytical  hydrogenator  (hydro¬ 
analyzer)  used  by  C.  A.  Brown  et  al. 
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the  flow  of  borohydride  solution  to  cease.  In  this  manner  the  addition  of 
borohydride  solution  proceeds  smoothly  and  automatically  until  reduction  is 
complete.  The  catalyst  is  generated  in  situ  via  the  reaction  of  sodium  borohydride 
and  platinum  metal  in  the  presence  of  activated  carbon.  This  provides  a  highly 
active  and  reproducible  catalyst  as  well  as  one  already  saturated  with  hydrogen 
and  ready  for  use.  As  many  as  12  replicate  analyses  may  be  run  with  one  batch  of 
catalyst.  A  commercial  model  of  this  apparatus  is  available  from  Delmar  Scientific 
Laboratories  (317  Madison  St.,  Maywood,  Ill.  60154). 


SOLUTIONS 


Sodium  borohydride,  3.95  grams  (Metal  Hydrides,  Inc.,  98%)  was 
dissolved  in  100  ml  of  diglyme  or  triglyme  (di-  or  trimethylene  glycol 
dimethyl  ether,  Ansul  Chemical  Co.).  For  most  purposes  technical  grade 
diglyme  and  triglyme  from  freshly  opened  tins  are  satisfactory.  However 
if  these  ethers  have  been  exposed  to  the  atmosphere  for  some  time,  they 
must  be  made  anhydrous  by  the  addition  of  a  small  quantity  of  lithium 
aluminum  hydride  and  distillation  under  vacuum  (diglyme,  b.p.  62-63°C 
per  15  mm,  n2l)D  1.4078;  triglyme,  b.p.  108°C  per  15  mm,  n_<)D  1.4233). 
The  solution  was  filtered  or  decanted  from  any  separated  solids.  It  was 
then  standardized  by  injection  of  10.0  ml  into  30  ml  of  50%  aqueous 
acetic  acid  and  measurement  of  the  gas  evolved  with  a  wet  test  meter. 
The  molarity  was  calculated  as  follows: 

V— uwP- 25  w  273  _ 

Mn8BH‘  -  "896”  X  760  X  T  +  273 

where 


V  =  total  volume  of  gas  evolved  (milliliters) 
d  =  volume  of  sodium  borohydride  solution  injected  (milliliters) 

P  =  atmospheric  pressure  (mm  Hg) 

T-  temperature  (°C). 

Alternatively,  the  sodium  borohydride  solution  may  be  standardized  by 
the  acid  titration  method.  In  this  case,  10.0  ml  of  standard  hydrochloric 
acid  (0.15M)  and  5  ml  of  water  are  mixed  in  a  flask,  and  1.00  ml  o 
sodium  borohydride  solution  (approximately  l.OAf)  is  added.  The  flask  is 
covered  loosely  and  swirled  for  a  minute.  The  solution  is ;  then 'titrated 
with  standard  sodium  hydroxide  solution  (0.10 M).  After  the  addition 
about  4  ml  of  base,  1  or  2  drops  of  saturated  methyl  red  in  e,hano 
added  and  the  titration  is  continued  to  the  end  point.  The  molarity  of  the 
sodium  borohydride  solution  is  calculated  as  follows: 

VaNa-  v„nb 

^NaBH4  y~ 


Unsaturation 


425 


where 

Na.  Nb  =  normalities  of  standard  acid  and  base  solutions 
V  VR  =  volumes  (milliliters)  of  standard  acid  and  base  solutions 

V  =  volume  of  sodium  borohydride  (milliliters). 

The  standard  sodium  borohydride  solution  (1.0 M)  was  diluted  with 
isopropyl  alcohol  to  give  0.10  or  0.050 M  solutions.  (Isopropyl  alcohol 
free  from  acid  or  acetone  is  satisfactory.  If  necessary,  it  may  be  refluxed 
over  sodium  borohydride  for  30  minutes  and  then  distilled).  These  solu¬ 
tions  may  be  standardized  by  the  acid  titration  method  above  (with 
10.0  ml  instead  of  1.0  ml  of  1.0 M  solution)  or  by  hydrogenation  of 
1.0  mM  of  1-octene  (Phillips  Petroleum  Co.,  99%)  by  the  procedure 
described  below.  From  the  volume  of  sodium  borohydride  solution  used, 
the  molarity  is  calculated  from  the  following  equation: 

1  r  0.0160(Vo)(P-40)l 
MNaBH.  4V[1'00  T  +  273 

where 

V  =  volume  of  sodium  borohydride  used 
V0  =  V  +  volume  of  1-octene  solution  injected  (milliliters) 

P  =  atmospheric  pressure  (mm  Hg) 

T  =  temperature  of  the  water  bath  (°C). 

These  solutions  are  fairly  stable  and  do  not  deteriorate  appreciably 
over  several  weeks. 

Chloroplatinic  acid  (40%  platinum  by  weight),  1.0  gram,  was  dissolved 
in  40  ml  of  isopropyl  alcohol  to  make  a  0.05 M  solution. 

All  the  olefins  were  accurately  weighed  into  volumetric  flasks  and 
diluted  with  isopropyl  alcohol  to  make  exactly  1.00 M  solutions.  Very 
volatile  materials  such  as  isoprene  were  cooled  to  0°C,  then  weighed, 
diluted  with  chilled  isopropyl  alcohol,  warmed  to  room  temperature,  and 
diluted  to  volume.  Oils  (2-5  grams  of  sample)  were  weighed  into  25-ml 
volumetric  flasks,  and  the  volume  was  made  up  with  isopropyl  alcohol  or 
ethyl  acetate. 


HYDROGENATION  PROCEDURE 


Place  a  Teflon-covered  stirring  bar,  0.25  gram  of  Darco  K-B  activated 
carbon,  and  1.0  ml  of  0.05 M  chloroplatinic  acid  solution  in  the  65-ml 
hydroanalyzer  flask.  Fill  the  hydrogenator  valve  with  mercury  to  the 
etched  mark.  Attach  the  hydrogenation  flask  to  the  valve  by  means  of  the 
ground  joint,  and  place  the  flask  in  a  water  bath  supported  on  a  magnetic 
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stirrer.  Fill  the  buret  and  the  reservoir  with  0.10 M  (or  0.05  M)  sodium 
borohydride  solution,  and  mount  on  the  hydrogenator  valve  by  means  of 
the  glass  joint. 

Start  vigorous  stirring  and  inject  15  ml  of  0.10M  sodium  borohydride 
into  the  flask,  taking  care  in  this  and  other  injections  that  the  point  of  the 
syringe  needle  is  against  the  central  well  of  the  valve.  After  a  few  minutes 
inject  1.0  ml  of  12 N  hydrochloric  acid  into  the  flask  (wash  the  syringe 
immediately,  or  corrosion  products  from  the  needle  and  hub  will  poison 
the  catalyst  in  subsequent  runs),  and  equilibrate  the  system  with  the  bath 
for  5  minutes.  Inject  a  1.00-ml  portion  of  the  l.OOM  olefin  solution  in 
isopropyl  alcohol  into  the  flask  and  open  the  buret  stopcock  immediately. 
Adjust  the  stirring  so  that  not  more  than  2.0  ml  of  borohydride  solution  is 
used  per  minute.  On  completion  of  the  reaction,  the  flow  of  sodium 
borohydride  automatically  ceases.  Ignore  this  initial  reading  of  the  vol¬ 
ume  of  borohydride  solution.  (If  only  a  small  amount  of  sample  is 
available  for  analysis,  a  standard  solution  of  1-octene  may  be  used  for  the 
preliminary  reaction).  Enough  sample  should  be  taken  for  this  initial  run 
to  take  up  an  amount  of  hydrogen  approximately  equal  to  that  utilized  in 
the  actual  determinations.  Stop  the  stirring  and  refill  the  buret.  The 
system  is  now  ready  for  sample  analyses.  Inject  the  desired  volume  of 
olefin  into  the  flask,  start  the  stirring  and  open  the  buret  stopcock.  Note 
the  volume  of  borohydride  consumed.  Stop  the  stirring  and  close  the 
stopcock.  This  process  of  injection  of  samples  can  be  repeated  until  the 
flask  becomes  full.  In  general,  triplicate  consecutive  results  are  quite 
sufficient.  For  0.5  to  2.0  mM  of  olefin,  use  0.100M  borohydride  solution. 
Use  0.050 M  solution  for  smaller  quantities  up  to  0.2  mM. 

CALCULATIONS 

Calculate  the  amount  of  hydrogen  absorbed  in  millimoles  by  the 
following  equation: 

Millimoles  of  hydrogen  =  4  V(MNaBH4  +  FSD 

where 

V  =  volume  of  standard  borohydride  solution  used  (milliliters) 

Mn  .bfl  =  molarity  of  standard  borohydride  solution 
FSD  (free  space  displacement) 

=  millimoles  of  hydrogen  in  the  free  space  of  the  hydro- 
analyzer  displaced  by  the  olefin  solution  injected  and  by  the 
borohydride  solution  added. 

0.0160(Vo)(P  — 40) 


T  +273 


Unsaturation 
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where 

Vo  =  volume  of  olefin  or  olefin  solution  and  sodium  borohydride  solution 
added 


P  =  pressure  (mm  Hg), 

T  =  water  bath  temperature  (°C). 

The  iodine  value  of  the  sample  may  be  calculated 

equation: 


from  the  following 


25.38  x  Millimoles  of  hydrogen 
Iodine  value  =  5rams  of  sample  used 


RESULTS  AND  DISCUSSION 

The  results  are  summarized  in  Table  14.  In  general,  the  individual 
measurements  fell  within  a  range  of  ±1.0  to  1.5%  of  the  average, 
although  frequently  the  measurements  were  grouped  much  better.  Accu¬ 
racy  was  also  ±1.0  to  1.5%. 

A  study  of  the  range  of  the  hydroanalyzer  was  made,  and  the  results 
appear  in  Table  15.  A  range  of  ±1.0  to  1.5%  was  found  in  measurements 
even  on  the  smallest  sample.  Accuracy  was  about  ±2%  on  the  lower 
levels  of  sample  size. 

Table  14.  Analyses  of  Various  Unsaturates 


Olefin  Found,a 

Compound  mM 


1-Octene 

0.999  ±0.013 

1-Dodecene 

1.001  ±0.009 

2,4,4-Trimethylpentene- 1 

1.001  ±0.009 

2,4,4-Trimethylpentene-2 

1.003  ±0.011 

4-Methylcyclohexene 

0.995  ±0.009 

Cyclooctene 

0.987  ±0.013 

Ethyl  oleate 

0.986  ±0.017 

a-Pinene 

0.993  ±0.007 

|3-Pinene 

1.003  ±0.001 

Isoprene 

0.972  ±0.004 

1 ,3-Cyclooctadiene 

1.005  ±0.002 

1,5-Cyclooctadiene 

0.982  ±0.004 

D-Limonene 

0.993  ±0.006 

1 ,5,9-Cyclodecatriene 

1.006  ±0.006 

a  Amount  present  was  1.00  mM  in  all  cases. 
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Test  of  Range  of  Measurement  of  the  Hydroanalyzer 

Average  Volume 

Number  of  0.100M  Standard  Olefin 

°t  Solution,  Deviations,  Found 

Replicates  ml  ml  FSDa  mM 


2.00 

1.00 

0.50 

0.30 

0.20 


Millimoles  of  hydrogen  in  the  free  space  displaced  by  the  olefin  solution  injected  and  the  borohydride  solution  added. 


0.100M 

7 

4.42 

0.1 00M 

6 

2.18 

0.050M 

7 

2.05 

0.050M 

4 

1.21 

0.050 M 

5 

0.82 

0.017 

0.245 

2.013  ±0.01 

0.018 

0.121 

0.993  ±0.007 

0.0084 

0.0972 

0.507  ±0.002 

0.0057 

0.0578 

0.301  ±0.001 

0.0050 

0.0389 

0.203  ±0.001 

Table  15. 

Sodium 

1  -Octene  Borohydride 

(mM)  Solution 


The  analytical  results  for  several  samples  of  representative  vegetable 
oils  are  given  in  Table  16.  The  analyses  were  precise  within  a  range  of 
±1.5%. 


Table  16.  Analysis  of  Oils 

Solvent  Number  of  _ Iodine  Value _ 

Oil  Used  for  Oil  Replicates  Found  Literature 


Corn 

Isopropanol 

6 

123  ±0.60 

111-128 

Olive 

Isopropanol 

6 

79.01  ±0.60 

79-88 

Cottonseed 

Isopropanol 

7 

111.8  ±1.60 

99-113 

Tung 

Ethyl  acetate 

5 

219.5  ±1.00 

163-171° 

a  Hydrogenation  values  up  to  240. 


Finally,  the  hard-to-reduce  A9J0-octalin  was  analyzed.  Successive  repli¬ 
cate  analysis  required  6,  24,  and  40  hours.  Nonetheless,  0.975  mM  was 
found,  an  error  only  2.5%  low.  The  range  of  measurements  was  ±0.5%. 

This  technique  was  reduced  to  the  microscale  (30),  for  which  a  special 
apparatus  is  available. 


Mercuric  Acetate  Methods 


Mercuric  acetate  adds  to  olefinic  unsaturation  as  follows: 


C=C  +  Hg(Ac)2  +  ROH 

/  \ 


C— C+  HAc 
OR  HgAc 


where  R  can  be  H  or  an  alkyl  group.  Marquardt  and  Luce  (31)  first 
carried  out  this  reaction  in  40%  aqueous  dioxane.  The  excess  mercuric 
acetate  is  converted  to  the  oxide  using  sodium  hydroxide  and  the  oxide  is 


30.  C.  A.  Brown,  Anal.  Chem.,  39,  1882  (1967). 

31  R.  p.  Marquardt  and  E.  N.  Luce,  Anal.  Chem.,  20,  7M 


(1948). 
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reduced  to  metallic  mercury  using  boiling  hydrogen  peroxide.  The  solu¬ 
tion  is  then  acidified  with  nitric  acid  and  titrated  with  thiocyanate, 
thiocyanate  pulls  the  mercury  from  the  addition  product,  thus  forming 
mercuric  thiocyanate  and  liberating  the  original  unsaturated  compoun 
To  overcome  low  results,  Marquardt  and  Luce  (32,  33)  then  carried  out 
the  reaction  in  methanol.  The  excess  of  mercuric  acetate  was  measured  by 
addition  of  acetone  and  a  known  excess  of  caustic.  The  caustic  neutralizes 
the  acetic  acid  formed  in  the  mercuric  acetate  addition  reaction  and  also 
takes  part  in  the  formation  of  a  soluble  complex  between  the  mercuric  ion 
and  the  acetone. 

ch3 

3HgAc2  +  2  C=0  +  6NaOH 

CH3 

HOHgCH  CHHgOH 


HO 


OH  +  6NaAc  +  3H20 


HoC 


O 


CHr 


Potassium  iodide  is  then  added,  which  converts  the  mercuric  addition 
product  of  the  olefin  to  the  iodide  and  also  breaks  up  the  mercuric 
addition  product  of  the  acetone,  liberating  the  caustic  once  more. 

Hg 

/  \ 

HOHgCH  CHHgOH 


HO 


OH  +  12K.I  +  3H,0 


ch3  O  ch3  ch3 

6KOH  +  3K2Hgl4  +  2  C=0 

/ 

ch3 

The  alkalinity  is  then  titrated  to  the  phenolphthalein  end  point. 

A  blank  run  is  made  on  this  reagent.  The  difference  between  the 
caustic  titrated  in  the  blank  and  that  in  the  sample  is  a  measure  of  the 

32.  R.  P.  Marquardt  and  E.  N.  Luce,  Ibid.,  21,  1194  (1949). 

33.  R.  P.  Marquardt  and  E.  N.  Luce,  Ibid.,  22,  363  (1950). 
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acetic  acid  formed  on  the  formation  of  the  mercuric  addition  product  of 
the  olefin. 

Martin  (34)  has  a  system  whereby  he  destroys  the  excess  mercuric 
acetate  by  adding  sodium  chloride.  The  chloride  complexes  the  mercuric 
ion,  and  this  permits  direct  titration  with  alkali  of  the  acetic  acid  formed 
in  the  reaction.  Johnson  and  Fletcher  (35)  use  sodium  bromide  to  replace 
the  chloride. 

Das  (36)  uses  a  known  amount  of  mercuric  acetate  in  his  reaction  and 
determines  the  excess  mercuric  acetate  by  titration  with  standard  hydro¬ 
chloric  acid.  The  mercuric  acetate  consumes  2  moles  of  acid, 

Hg(Ac)2  +  2HC1  HgCl2  +  2HAc 
but  the  addition  product  consumes  only  one. 


C - C  +  HC1 

/I  l\ 

OCH3  HgAc 


C - C  +  HAc 


OCH3  HgCl 


The  amount  of  hydrochloric  acid  consumed  over  what  is  consumed  by  the 
mercuric  acetate  reagent  alone  is  a  measure  of  the  olefin. 


Method  of  R.  W.  Martin 

[Adapted  from  Anal.  Chem .,  21,  921  (1949),  Reprinted  in  Part ] 


REAGENTS 

Mercuric  acetate,  Merck’s  CP  reagent  grade.  Must  be  low  in  tree  acetic  acid 

Synthetic  methanol.  The  reagent  should  be  substantially  free  of  acids  or 

Sodium  chloride.  Commercial  grades  of  sodium  chloride  are  satisfactory^  The 
aqueous  salt  solution  should  be  saturated  with  sodium  chloride,  then  filtered  and 

made  neutral  to  phenolphthalein.  ,  , 

Sodium  hydroxide,  0.1N  solution.  It  was  carbonate-free  and  standardized 

against  Baker’s  CP  reagent  grade  benzoic  acid.  .  .  c 

Vinyl  monomers.  The  unsaturated  compounds  were  obtained  from  various 
sources.  Where  their  purity  was  not  indicated  by  the  supplier,  they  were  carelully 

34.  R.  W.  Martin,  Anal.  Chem.,  21,  921  (1959). 

35.  J.  B.  Johnson  and  J.  P.  Fletcher,  Anal.  Chem.,  31,  1562  (1 

36.  M.  N.  Das,  Anal.  Chem.,  26,  1086  (1954). 
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redistilled  and  only  a  very  narrow  middle  cut  was  used.  In  most  cases  the  purified 
materials  boiled  over  a  1°C  range,  and  never  over  more  than  a  3  C  range. 
Sodium  nitrate,  CP  reagent  grade,  is  used  as  a  saturated  solution  in  methano  . 


PROCEDURE 

Accurately  weigh  approximately  4  meq.  of  the  ethylenic  compound  in  a 
weighing  bottle  and  transfer  the  weighing  bottle  and  contents  to  a  500-ml 
Erlenmeyer  flask  containing  20  to  25  ml  of  carbon  tetrachloride.  Empty 
the  contents  of  the  weighing  bottle  into  the  solvent.  Add  4.00  grams  of 
mercuric  acetate  and  30  ml  of  methanol.  If  the  ethylenic  compound  reacts 
slowly  with  the  reagents,  the  use  of  30  ml  of  a  saturated  solution  of 
sodium  nitrate  in  methanol  in  place  of  the  pure  methanol  will  increase  the 
rate  of  reaction.  Stopper  the  flask,  swirl  the  contents,  and  warm  slightly,  if 
necessary,  to  dissolve  the  mercuric  acetate.  Allow  the  reaction  to  proceed 
for  10  to  15  minutes;  then  add  75  ml  of  neutral  saturated  sodium  chloride 
solution  and  50  to  100  ml  of  water.  Add  20  drops  of  phenolphthalein 
solution  and  titrate  to  the  first  pink  end  point  with  standard  0.1N  sodium 
hydroxide.  Shake  the  reaction  mixture  vigorously  during  the  titration,  to 
ensure  complete  removal  of  the  acetic  acid  from  the  carbon  tetrachloride 
layer. 

A  blank  should  be  run  immediately  after  mixing  the  reagents,  omitting 
only  the  unsaturated  compound.  If  the  blank  is  allowed  to  stand  too  long, 
its  titer  has  a  tendency  to  increase  slowly.  Each  milliequivalent  of  sodium 
hydroxide  consumed  in  the  titration,  after  subtraction  of  the  blank, 
represents  one  milliequivalent  of  ethylenic  group.  The  analyses  reported 
in  Tables  17  and  19  were  obtained  using  the  foregoing  procedure;  the 
factors  reported  in  Table  18  were  obtained  by  modifying  the  procedure  as 
indicated. 


Table  17.  Analysis  of  Styrene  and  Styrene  Derivatives 


Compound 

%  Purity 

Determined  by 

%  Found, 
This  Method 

Dow  styrene 

Monsanto  styrene 

Styrene  solution 

99.8 

99.8 

2.02 

Supplier 

Melting  point 

Dilution  of  99.8% 

99.85,99.75 
99.80,  99.66 

Styrene  solution 

1.45 

styrene 

Dilution  of  99.8% 

2.06 

Divinyl-  and  ethylvinyl-benzene 

142.2 

styrene 

Method  of  Marquardt 

1.50 

and  Luce  142.3,  142.9a 


'  Calculated  as  ethylvinylbenzene. 


Table  18.  Factors  Affecting  Reaction 


Compound 

Ethylene:  Tempera- 
Hg(OAc)2  ture,  °C 

Time, 

Min. 

Catalyst 

%  Reaction 

Styrene 

1:1 

25 

10 

O 

95.4,  95.6 

1:  1 

45 

10 

O 

97.0 

1:  1.25 

25 

10 

o 

99.8 

1 :  1.50 

25 

10 

o 

99.9,  100.6 

1:  1 

25 

120 

o 

99.1,  99.8 

1 :  1 

25 

240 

o 

100.1 

1:  1 

25 

15 

NaNOa 

99.7,  100.5 

Methyl  methacrylate 

1:2 

25 

10 

O 

1.3 

1 : 2 

25 

420 

o 

6.8 

1:2 

25 

10 

NaN03 

4.0 

Allyl  alcohol 

1:  1 

25 

10 

O 

98.1 

1:  1.5 

25 

15 

o 

98.7 

2-Vinylpyridine 

1:  1 

25 

30 

o 

19.8 

1:2 

25 

30 

o 

36.1 

1:3 

25 

30 

o 

47.4 

1:2 

25 

30 

NaNOa 

51.8 

1:2 

25 

960 

NaNOa 

97.0 

1:3 

25 

1200 

NaNOa 

97.3 

Table  19.  Analysis  of  Unsaturated  Compounds 
Compound  %  Purity  Purification 


Methyl  methacrylate 
Diallyl  phthalate 
Diethyl  itaconate 
Methyl  acrylate 
Vinyl  acetate 
Vinyl  benzoate 
Diethyl  maleate 
Acrylonitrile 
Allyl  alcohol 
Crotyl  alcohol 
^-Chloroallyl  alcohol 
N-Vinylcarbazole 

2-Vinylpyridine 
Diallyl  ether 
Divinyl  ether 

a  As  given  by  commercial  supplier. 
b  Determined  by  acid  titration  using  Fe(OH)3  indicator. 


%  Found, 
This  Method 


99a 

Redistillation 

1.3 

— 

Redistillation 

94.5 

_ 

Redistillation 

Trace 

98a 

— 

43.5 

99n 

— 

201 

— 

3°C  boiling  range 

187 

— 

1°C  boiling  range 

4.0 

— 

1°C  boiling  range 

3.4 

— 

1°C  boiling  range 

99.48,  98. 

— 

1°C  boiling  range 

101 .5 

— 

2°C  boiling  range 

15 

92. 8b 

1°C  melting  point 
range 

99.4,  99.7 
39.8 

~ 

1  °C  boiling  range 

99.9 

96. 5a 

Anesthetic  grade 

96.8 
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FACTORS  INFLUENCING  REACTION 

When  the  elements  of  methoxy  mercuric  acetate  add  to  an  ethylenic 
double  bond,  a  number  of  factors  influence  the  rate  and  extent  of  t  e 
reaction  The  effect  of  some  of  these  factors  can  be  seen  from  an 
inspection  of  the  data  in  Table  18,  where  variations  in  the  regular 
procedure  were  employed.  Increasing  the  temperature  and  adding  sodium 
nitrate  (37)  accelerates  the  reaction.  An  excess  of  mercuric  acetate  not 
only  increases  the  rate  of  reaction  but  also  serves  to  force  the  reaction  to 
completion,  the  excess  necessary  depending  on  the  particular  ethylenic 
compound.  In  practice  1  gram  of  mercuric  acetate  was  used  for  approxi¬ 
mately  1  meq.  of  ethylenic  compound.  If  this  amount  ot  mercuric  acetate 
was  not  sufficient  to  give  complete  reaction  in  15  minutes,  the  method 
was  considered  impractical  where  that  particular  compound  is  concerned. 
As  indicated  in  Table  18,  longer  reaction  periods  give  more  complete 
reaction  but  may  result  in  some  inaccuracies  because  of  an  increase  in  the 
blank. 

The  structure  of  the  compound  is  the  ultimate  factor  in  determining  the 
extent,  rate,  and  type  of  reaction  occurring  when  an  ethylenic  compound 
is  treated  with  mercuric  acetate  in  methanol.  Although  this  method  deals 
primarily  with  the  analysis  of  styrene  and  styrene  derivatives,  Table  19 
shows  the  results  of  one  or  two  determinations  on  15  other  ethylenic 
compounds.  These  exploratory  results  indicate  that  the  procedure  will 
give  satisfactory  results  with  allyl  and  crotyl  alcohol,  certain  allyl  ethers 
and  esters,  certain  vinyl  ethers,  and  vinylcarbazole.  Unsatisfactory  results 
were  obtained  with  acrylate,  methacrylate,  itaconate,  and  maleate  esters, 
as  well  as  with  acrylonitrile  and  vinylpyridine.  Vinyl  acetate  and  vinyl 
benzoate  have  results  approximately  twice  what  was  expected. 

Of  major  importance  in  the  use  of  this  procedure  is  the  quality  of  the 
mercuric  acetate.  This  reagent  should  not  only  be  low  in  free  acid  but  the 
entire  supply  should  be  thoroughly  blended,  so  that  each  portion  used  for 
an  analysis  has  the  same  acid  content.  If  this  is  not  the  case, 
checks  will  be  poor.  If  the  mercuric  acetate  contains  appreciable 
amounts  of  acid,  it  is  often  advisable  to  place  it  in  a  vacuum  desiccator  for 
2  or  3  hours  and  then  blend  carefully  before  use.  The  bottle  containing 
this  reagent  should  be  tightly  stoppered  except  when  in  use. 

Some  difficulty  was  experienced  in  detecting  the  end  point.  However 
after  a  few  titrations  and  the  addition  of  somewhat  more  than  the  usual 
amount  of  phenolphthalein  the  end  point  gave  little  trouble. 

The  procedure  described  has  been  in  use  for  the  rapid  routine  estima¬ 
tion  of  styrene  and  divinyl-  and  ethylvinylbenzene  samples.  It  has  been 
37.  G.  F.  Wright,  J.  Am.  Chem.  Soc.,  57,  1994  (1935). 
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entirely  satisfactory  and  in  general  gave  results  checking  within  a  few 
tenths  of  1%.  Typical  data  on  styrene  and  ethylvinyl  and  divinylbenzene 
appear  in  Table  17. 

Using  sodium  bromide  instead  of  the  chloride,  Johnson  and  Fletcher 
(38)  have  obtained  the  results  shown  in  Table  20.  This  method  is 
described  in  Chapter  10  pp.  518-20.  The  method  was  devised  for  vinyl 
ethers  but  was  tried  on  other  olefins  at  the  same  time. 

Method  of  M.  N.  Das 

[Adapted  from  Anal.  Chem .,  26,  1086  (1954),  Reprinted  in  Part ] 

Das  has  found  (39)  that  mercuric  acetate  can  be  very  accurately 
estimated  by  Palit’s  method  (40)  of  glycolic  titration  using  propylene 
glycol-chloroform  (1 : 1)  as  the  titration  medium  and  thymol  blue  as 
indicator  (see  pp.  166-67).  A  standard  solution  of  hydrochloric  acid  in  the 
same  solvent  medium  as  above  is  used  for  titration,  and  the  end  point 
(yellow  to  pink)  is  extremely  sharp.  Mercuric  chloride  may  be  precipitated 
out  in  the  course  of  the  titration,  but  it  does  not  interfere  with  the 
detection  of  the  correct  end  point.  Perchloric  acid  cannot  be  used  for 
titration  of  mercuric  acetate,  and  hydrochloric  acid  must  be  used. 

When  titrating  with  hydrochloric  acid,  not  only  does  the  excess  un¬ 
reacted  mercuric  acetate  react  with  the  acid,  but  the  mercury  addition 
product  also  takes  up  1  equivalent  of  acid  as  follows: 


+  HC1 


\ 


\ 


+  CH3COOH  (6) 


C - C 

I  l\ 

OCH3  HgCI 


Hence  the  difference  between  the  milliequivalents  of  mercuric  acetate 
taken  and  the  milliequivalents  of  acid  used  in  titration  directly  g.ves  the 


amount  of  unsaturation  in  millimoles. 


reagents 


0.25 N  SOLUTION  IN  METHANOL.  Dissolve 

1  500  ml  of  methanol;  add  1  ml  ol  glacial 


Table  20. 


Determination  of  Purity  of  Unsalnrated  Compounds  by  Modified 
Mercuric  Acetate  Procedure 


Compound 


Allyl  acetate 
Allyl  acetone 
Allyl  alcohol 

2-Allyl-3-methyl-2-cyclopenten- 

4-ol-l-one 

Butyl  chrysanthemum  mono- 
carboxylate 

2-Chloro- 1  -propenyl  butyl  ether 
Cyclohexene 
Dichlorostyrene 
2,5-Dimethyl- 1 ,5-hexadiene 
3,4-Epoxy- 1-butene 
2-Ethoxy-3,4-dihydropyran 

2- Ethoxy-5-methyl-3,4- 
dihydropyran 

3- Ethoxy-4-propyl-5-ethyl-3,4- 
dihydropyran 

2- Formyl-3,4-dihydropyran 

3- Hydroxy-8-nonen-2,5-dione 
Methallyl  chloride 
2-Methoxy-3-ethyl-3,4- 

dihydropyran 

2-Methoxy-3-ethyl-4-methyl- 

3,4-dihydropyran 

2-Methoxy-3-methyl-3,4- 

dihydropyran 

2-Methoxy-3-methyl-4-propyl- 

5-ethyl-3,4-dihydropyran 

4- Methyl-3,4-dihydropyran 

4-Methyl- 1-pentene 
a-Methylstyrene 

Styrene 
Vinyl  acetate® 
N-Vinylpiperidone 
N-Vinylpyrrolidone 


Average  Number 
Purity,  Devia-  of  Deter- 
Wt.  %  tion  minations 

Minute 

Time,  Tempera- 
Min.  ture,  °C 

98.8 

0.0 

2 

60 

25 

98.8 

0.1 

2 

20 

-10 

99.1 

0.1 

4 

1 

25 

100.1 

0.0 

2 

10 

-10 

95.4 

0.0 

3 

60 

25 

97.4 

0.4 

2 

15 

25 

98.5 

0.1 

4 

1 

25 

99.7 

0.2 

3 

120 

25 

94.1 

0.1 

3 

15 

25 

97.6 

0.0 

2 

60 

25 

97.0 

0.1 

4 

30 

0 

97.1 

0.2 

4 

30 

0 

96.2 

0.0 

4 

30 

25 

97.0 

0.0 

4 

30 

25 

98.9 

0.2 

3 

10 

-10 

97.9 

0.1 

4 

15 

25 

100.0 

0.0 

7 

30 

25 

96.1 

0.0 

6 

30 

25 

101.5 

0.1 

6 

30 

25 

97.2 

0.1 

2 

120 

25 

98.7 

0.0 

2 

15 

-10 

98.2 

0.0 

2 

30 

25 

99.2 

0.1 

4 

5 

-10 

99.6 

0.1 

2 

10 

25 

99.0 

0.1 

4 

10 

25 

99.1 

0.0 

2 

10 

25 

97.0 

0.3 

10 

10 

25 

a  Each  mole  of  vinyl  acetate  results  in  consumption  of  two  equivalents  of  KOH 
due  to  ease  of  saponification  of  reaction  product. 
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acetic  acid,  and  filter.  Standardize  the  solution  by  titration  in  propylene  glycol- 
chloroform  (1:1)  solvent  medium  with  0.1  N  glycolic  hydrochloric  acid,  using 
thymol  blue  as  indicator. 

HYDROCHLORIC  ACID,  0.1N  SOLUTION  IN  PROPYLENE  GLYCOL-CHl.OROFORM 

(1 : 1).  Prepare  by  adding  8  to  9  ml  of  concentrated  hydrochloric  acid  in  1  liter  of 
the  mixed  solvent.  The  acid  is  standardized  as  follows.  Accurately  weigh  out  about 
0.2  gram  of  mercuric  oxide  (analytical  reagent)  and  dissolve  in  5  ml  of  glacial 
acetic  acid  by  gently  heating,  then  evaporate  almost  to  dryness.  Take  up  the 
residue  with  25  ml  of  propylene  glycol-chloroform  and  titrate  with  hydrochloric 
acid,  using  thymol  blue  as  indicator  (1  ml  of  0.1N  hydrochloric  acid  0.01083  gram 
of  mercuric  oxide). 

mixed  solvent.  Prepare  by  mixing  propylene  glycol  and  chloroform  in  equal 
volumes.  The  solvents  should  be  neutral  to  thymol  blue. 

Thymol  blue,  0.2%  solution  in  ethyl  alcohol. 


PROCEDURE 

Treat  about  2  mM  of  the  unsaturated  compound  with  20  to  25  ml  of  the 
mercuric  acetate  solution  in  a  glass-stoppered  bottle  or  conical  flask  and 
allow  to  stand  at  room  temperature  (about  30°C)  for  10  to  30  minutes. 
Then  dilute  the  reaction  mixture  with  about  25  ml  of  propylene  glycol- 
chloroform  (1:1)  and  titrate  the  sample  with  glycolic  hydrochloric  acid, 
using  thymol  blue  as  indicator.  At  the  end  point,  the  indicator  shows  a 
sharp  color  change  from  yellow  to  pink. 

To  test  the  accuracy  of  this  method,  the  samples  of  the  unsaturated 
compounds  were  simultaneously  estimated  by  the  alkalimetric  method  of 
Marquardt  and  Luce  (41);  the  analytical  data  are  represented  in  Table  21. 

Table  21.  Analytical  Data 

Time  of  %  Found  by 
Reaction,  Marquardt-  %  Found  by 
Compound  Min.  Luce  Method  Present  Method 


Styrene 

5-10 

99.4,  99.7 

99.2,  99.6 

Cyclohexene 

10-15 

96.7,  96.3 

96.6,  96.9 

Allyl  alcohol 

30 

97.7 

98.2,  98.2 

Allyl  acetate 

30 

88.1,  76.3 

97.4,  96.8 

Vinyl  acetate 

30 

33.2,  28.4 

96.9,  97.5,  97.0 

CALCULATION 

(fl-^)XlVvM-A rprmnt  of  unsaturate  compound  in  grams  where 
1 000 

41.  R.  P.  Marquardt  and  E.  N.  Luce,  Anal.  Chem.,  21,  1194  (1  )49). 
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«  -  the  acid  titer  milliliters  for  blank  (mercuric  acetate  solution);  b  acid 
sample;  N -  .orrn.li,,  ol  .he  .cid;  M - molecpl.r  we.gh,  of 

the  ethylenic  compound. 


discussion 


The  method  seems  to  be  particularly  useful  for  analysis  of  some 
unsaturated  esters  like  vinyl  acetate  and  allyl  acetate  for  which  the 
methods  of  Marquardt  and  Luce  (41,  42)  and  of  Martin  (43)  (see  pp.  43 
34)  are  not  suitable,  since  under  the  conditions  used  by  them,  the  esters 
may  undergo  hydrolysis  and  lead  to  erroneous  results.  With  vinyl  acetate 
and  vinyl  benzoate  Martin  (43)  obtained  about  twice  the  theoretical 
value.  This  arises  from  the  fact  that  his  method  measures  not  only  the 
acetic  acid  liberated  in  the  course  of  the  mercury  addition  reaction,  but 
also  an  equivalent  amount  of  acid  liberated  as  a  result  of  the  hydrolysis  of 
the  vinyl  esters.  The  alkalimetric  method  of  Marquardt  and  Luce  gives 
low  and  erratic  results  with  vinyl  acetate  and  allyl  acetate  for  the  same 
reason.  Methyl  acrylate  and  methyl  methacrylate  cannot  be  estimated 
with  mercuric  acetate  by  any  of  these  methods,  since  they  do  not 


quantitatively  react  with  mercuric  acetate  under  the  conditions  employed. 

Mercury  addition  products  are,  in  general,  unstable  toward  halogen 
acids.  In  some  cases,  they  are  so  very  susceptible  to  acidity  that  titration 
with  hydrochloric  acid  is  not  possible.  This  has  been  observed  with 
a -methylstyrene,  cinnamic  acid,  and  diisobutylene,  where  the  addition 
products  undergo  quick  decomposition  in  the  course  of  titration  with 
hydrochloric  acid.  In  other  cases  that  have  been  studied,  the  decomposi¬ 
tion  is  very  slow,  and  at  the  end  point,  the  acid  color  of  the  indicator 
persists  for  several  minutes,  so  that  no  difficulty  is  involved  in  detecting 
the  correct  end  point. 


From  the  Method  of  R.  P.  Marquart  and  E.  N.  Luce 

[Anal.  Chem .,  39,  1655  (1967)] 

The  preceding  mercuric  acetate  addition  procedure  of  Martin  was 
studied  and  changed  to  simplify  it  and  to  increase  its  accuracy. 


REAGENTS 


MERCURIC  ACETATE, 

65.0  grams  of  analytical 


APPROXIMATELY  0.20  M  IN  METHANOL.  Dissolve 
reagent  grade  mercuric  acetate  and  1.0  ml  of  glacial 


42.  R.  P.  Marquardt  and  E.  N.  Luce,  Ibid.,  20,  751  (1948). 

43.  R.  W.  Martin,  Ibid.,  21,  921  (1949). 
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acetic  acid  in  approximately  800  ml  of  ACS  grade  methanol  in  a  1000-ml 
volumetric  flask.  Gentle  warming  of  the  contents  of  the  flask  on  a  steam  bath 
helps  to  dissolve  the  mercuric  acetate.  Cool  the  solution  to  room  temperature  and 
dilute  it  to  1000  ml  with  methanol.  Filter  any  solids,  if  necessary,  and  keep  the 
filtrate  in  an  amber  bottle. 

A  neutral  saturated  aqueous  solution  of  sodium  chloride. 


REGULAR  PROCEDURE 

Pipet  50.0  ml  of  0.20M  mercuric  acetate  solution  into  a  50-ml  Erlen- 
meyer  flask.  Add  an  accurately  weighed  sample  containing  less  than 
4.0  meq.  of  the  unsaturated  compound,  and  mix  the  sample  with  the 
mercuric  acetate  solution.  Let  the  contents  of  the  flask  stand  for  10 
minutes  or  longer,  as  necessary  for  quantitative  addition  of  the  mercuric 
acetate  to  the  compound  being  analyzed.  Add  25  ml  of  carbon  tetra¬ 
chloride  and  150  ml  of  water.  Stopper  the  flask  and  mix  the  contents  well  by 
shaking.  Add  20  or  more  drops  of  phenolphthalein  and  50  ml  of  saturated 
sodium  chloride  solution;  immediately  shake  the  contents  of  the  flask 
vigorously  for  3  to  5  seconds  and  titrate  the  acidity  with  0.1N  sodium 
hydroxide  solution.  Stopper  the  flask  and  shake  the  contents  well  to 
extract  the  remaining  acid  from  the  carbon  tetrachloride.  Let  stand,  and 
after  the  liquids  have  separated,  continue  the  titration  of  the  acidity  in  the 
upper  aqueous  layer  to  a  definite  pink  end  point.  Shake  the  contents  of 
the  flask  a  third  time  and  finish  the  titration  when  the  liquids  have 

separated. 

Subtract  the  number  of  milliliters  of  0.1  N  sodium  hydroxide  represent¬ 
ing  the  acidity  of  the  reagent  blank  (see  below)  from  the  number  of 
milliliters  of  0.1  AT  sodium  hydroxide  used  for  the  analysis  to  obtain  the 
net  titration  of  the  acid  produced  by  the  addition  of  mercuric  acetate  to 
the  sample.  Calculate  unsaturation  in  terms  of  the  compound  being 

analyzed. 


determination  of  the  reagent  blank 

Pipet  50  ml  of  0.20M  mercuric  acetate  solution  into  a  500-ml  Erlen- 
mever  flask.  Add  50  ml  of  saturated  sodium  chloride  solution  25  ml  ol 
carbon  tetrachloride,  and  150  ml  of  water.  Shake  the  contents  o  he flask 
well  Add  20  or  more  drops  of  phenolphthalein  indicator  and  titrate  the 
aridity  of  the  reagents  in  the  same  manner  as  described  m  the  regular 
procedure.  Be  careful  not  to  overtitrate. 
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modified  procedure  for  allyl  alcohol,  methallyl 
alcohol,  and  so  on 


The  modified  procedure  and  the  determination  of  the  acidity  of  h 
reagents  are  the  same  as  for  the  regular  procedure,  but  use  100  ml  instead 
of  ^50 ml  of  water  and  100  ml  instead  of  50  ml  of  saturated  sodium 

chloride  solution. 


CALCULATION 

Net  milliliters  of  0.1  N  NaOH  x  Fx  100 
Unsaturation,  as  %  compound  =  Weight  of  sample 


where 


Molecular  weight _ 

10,000  x  Number  of  double  bonds 


RESULTS  AND  DISCUSSION 

Data  are  given  in  Table  22. 

Table  22.  Determination  of  Unsaturation  with  Mercuric  Acetate 

Reaction 


Compound 

Number  of 
Determinations 

Time, 

min. 

Found,  Standard 
%  Deviation 

Styrene  A,  99.50%a 

8 

10 

99.46 

0.08 

Styrene  B,  99.75%a 

4 

10 

99.69 

0.06 

Styrene  C,  99.83%a 

8 

10 

99.76 

0.08 

a -Methylstyrene  A,  99.58%a 

4 

15 

99.68 

0.10 

a -Methylstyrene  B,  99.8 l%a 

4 

15 

99.74 

0.07 

a -Methylstyrene  C,  99.44% 

4 

15 

99.47 

0.06 

Cyclohexene,  99.9% a 

8 

30 

99.36 

0.09 

Allyl  alcohol 

4 

15 

99.16 

0.07 

Vinyl  acetate,  practical  gradeb 

4 

15 

99.88 

0.26 

Methallyl  alcohol,  b.p. 

4 

15 

99.78 

0.15 

66.0°C\  100  mm  Hg 


“  The  purities  were  determined  by  cryoscopic  means. 

'  The  purities  were  not  determined. 

The  mercuric  acetate  in  methanol  solution  is  sensitive  to  ordinary  light, 
which  promotes  the  formation  of  insoluble  mercurous  acetate.  The  solu¬ 
tion  is  stable  if  it  is  kept  in  an  amber  bottle  and  stored  in  a  dark  place.  If, 
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on  long  standing,  mercurous  acetate  does  precipitate,  it  should  be  filtered 
before  the  solution  is  used. 

Do  not  add  carbon  tetrachloride  to  the  solution  in  the  500-ml  flask 
until  the  addition  of  mercuric  acetate  to  the  olefinic  compound  is  com¬ 
plete.  The  efficiency  of  the  reaction,  best  in  methanol,  is  lowered  when 
carbon  tetrachloride  is  present. 

The  mercuric  acetate  addition  compound  in  acid  solution  is  slowly 
decomposed  by  excess  sodium  chloride.  Carbon  tetrachloride  is  added  to 
dissolve  most  of  the  chloride  salt  of  the  addition  compound,  thus  protect¬ 
ing  it  from  the  action  of  the  excess  sodium  chloride. 

As  the  acidity  of  the  reagent  blank  is  determined,  the  acidity  of  the 
mercuric  acetate  solution  is  low  enough  to  cause  mercuric  oxide  to  appear 
if  the  carbon  tetrachloride  and  the  water  are  added  prior  to  the  addition 
of  the  saturated  sodium  chloride  solution.  Acidic  material  is  then  pro¬ 
duced,  which  increases  the  acidity  of  the  reagents.  Therefore,  the  sodium 
chloride  is  added  first. 

The  titration  of  acidity  in  the  presence  of  the  excess  mercury  can  be 
influenced  within  narrow  limits  by  varying  the  amount  of  sodium  chloride 
present  in  the  solution.  When  the  regular  procedure  for  styrene  is  used 
for  determining  the  unsaturation  in  allyl  alcohol,  methallyl  alcohol,  and  so 
on,  and  probably  other  vinyl  compounds  of  this  type,  the  analytical  results 
will  be  too  high.  The  amount  of  0.1  N  sodium  hydroxide  solution  required 
to  titrate  the  acidity  is  reduced  by  the  larger  volume  of  saturated  sodium 
chloride  solution  recommended  in  the  modified  procedure,  giving  analyti¬ 
cal  results  that  are  more  nearly  correct  for  these  compounds. 

For  vinyl  acetate  and  similar  esters,  the  acid  produced  by  hydrolysis  is 
titrated  also.  Therefore  the  factor  is  based  on  one-half  the  molecular 
weight  of  the  compound. 

If  free  acid  is  present  in  the  sample,  it  can  be  determined  separately 
and  the  correction  made  in  the  calculation  of  unsaturation. 


ozon  iz  ATION 

Ozonization  is  the  basis  for  methods  that  are  generally  applicable  for 
the  determination  of  double  bonds.  Ozone  acts  on  unsaturated  com¬ 
pounds  to  give  ozonides  that  break  down  to  carbonyl,  carboxyl,  or  other 
oxygenated  cleavage  derivatives. 


\  / 

C— C 
/\/\ 

03 
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Such  methods  are  advantageous  in  that  interferences  resultmg  from 
substitution  and  steric  and  substituent  effects  are  not  s.gmfican  ^D, 
vuntnoes  are  the  explosive  nature  of  some  ozomdes  and  the  difficult 
and  expense  of  fabrication  or  purchase  of  suitable  electrolytic  ozone 

8enBeoreart0and  Kooyman  devised  a  method  (44)  based  on  ozone  consump¬ 
tion  as  a  measure  of  olefinic  unsaturation.  An  oxygen  stream  containing  a 
constant  ozone  concentration  is  passed  through  the  sample  solution  and 
the  time  required  to  realize  complete  ozomzation  is  determined  by 
indicator  decoloration  or  by  the  appearance  of  iodine  liberated  from 
potassium  iodide  by  unused  ozone  in  the  escaping  gas  stream.  Significant 
improvement  was  obtained  by  use  of  commercial  ozone-generating  equip¬ 
ment  (45).  .  ,  , 

Subsequently  a  method  has  been  developed  that  eliminates  the  prob¬ 
lems  of  ozone  control  and  end  point  detection  associated  with  the 
previous  methods  without  sacrifice  of  accuracy.  An  outline  of  this  method 
follows. 


Method  of  K.  F.  Guenther,  G.  Sosnovsky,  and  R.  Brunier 

[Anal.  Chem .,  36,  2508  (1964)] 

The  ozone  stream  produced  by  the  ozonator  is  divided  into  two  equal 
parts.  One  stream  is  passed  through  the  olefin  sample  and  then  into  a 
potassium  iodide  solution.  The  other  stream  goes  directly  into  another 
potassium  iodide  solution.  The  amount  of  ozone  consumed  is  calculated 
from  the  difference  in  the  titration  values  for  the  iodine  liberated  in  the 
two  potassium  iodide  solutions. 


APPARATUS 


The  ozone  stream  was  produced  by  a  noncommercial  ozonator  at  a  rate  of 
approximately  3.4  mg  per  minute  and  introduced  into  the  apparatus  shown  in  Fig. 
7.16.  In  the  apparatus  the  ozone  stream  is  divided  into  two  equal  parts  A,  and  A, 
by  the  use  of  two  precision  valves  V,  and  V2  (Ideal  No.  2512A,  Ideal  Aerosmith, 
Cheyenne,  Wyo.).  The  flow  rate  of  A,  and  A2  is  controlled  by  two  calibrated 
precision  flowmeters  F,  and  F2  (Precision  Bore  Flowmeter  Tube  No.  08F-1/16- 
20-4/36  55  19008,  Fischer  and  Porter,  Warminster,  Pa.).  Stream  A,  is  passed  first 
into  vessel  C,  containing  the  olefin  sample  dissolved  in  18  ml  of  chloroform,  and 


44.  H.  Boer  and  E.  C.  Kooyman,  Anal.  Chim.  Acta,  5,  550  (1951). 

45.  A.  Maggiolo  and  A.  L.  Tumolo,  J.  Am.  Oil  Chem.  Soc.,  38,  279  (1961). 
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Fig.  7.16.  Apparatus  for  determination  of 
unsaturation  in  olefins  by  titration  with 
ozone. 

then  into  vessel  Dx,  containing  50  ml  of  2%  neutral  aqueous  potassium  iodide 
solution.  Stream  A2  is  first  passed  through  an  empty  vessel  E.  The  volume  of  vessel 
E  is  equal  to  the  volume  above  the  liquid  in  vessel  C.  Then  stream  A2  is  passed 
into  vessel  D2,  also  containing  50  ml  of  2%  neutral  potassium  iodide  solution. 
The  total  gas  volumes  above  the  liquids  in  lines  A,  and  A2  are  approximately 
equal. 

PROCEDURE 

Weigh  a  5-mM  sample  of  the  olefin  into  a  50-ml  volumetric  flask  and 
dilute  to  volume  with  chloroform.  Pipet  a  5-ml  aliquot  into  vessel  C  and 
dilute  with  chloroform  to  a  total  volume  of  18  ml.  Connect  the  vessel  to 
the  apparatus  (Fig.  7.16)  and  cool  to  -30°  ±2°C  by  immersion  in  a  Dewar 
flask  containing  acetone  and  chips  of  carbon  dioxide.  Place  vessels  Dx  and 
D.,  each  containing  50  ml  of  2%  neutral  aqueous  potassium  iodide,  in  the 
apparatus.  Turn  on  the  ozone  stream,  approximately  50  ml  per  minute,  by 
the  main  valve  Vm.  Preset  V,  and  V2  to  avoid  having  to  make  major 

adjustments  during  an  experiment. 

Iodine  is  immediately  liberated  in  vessel  D2.  Terminate  the  ozomza- 

tion  when  a  yellow  color  is  visible  in  vessel  Dx. 
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f  n  and  D  with  15  ml  of  dilute  sulfuric  acid, 

i :™  — — •  —  si-ch 

indicator. 


CALCULATION 

Calculate  the  ozone  consumption  from  the  difference  in  the  titration  of 
the  contents  of  D{  and  D2  as  follows. 

Milligrams  of  03  =  [(mlD2_ mlDl)2.4]  —  F 

where  mlD  and  mlD,  are  the  volumes  of  thiosulfate  solution  used  to 
titrate  the  'contents  of  vessels  D,  and  D2>  respectively,  and  F  is  the 
empirical  correction  factor  needed  to  account  for  the  solubility  of  ozone 
in  the  chloroform,  which  is  0.25  mg  of  ozone  under  the  conditions 

recommended. 


RESULTS  AND  DISCUSSION 

Table  23  gives  results  for  a  series  of  determinations  of  unsaturated 
compounds. 

Table  23.  Determination  of  Unsaturation  of  Olefins  with  Ozone 

Olefin,  mg  Ozone  Value"  Error; 


Relative, 


Olefin 

Added 

Found" 

Theory 

Found 

L  W  1  U  U  W, 

% 

n-  Octene-P 

53.12 

53.18 

42.86 

43.02 

0.4 

n-Octene-ld 

32.50 

32.32 

42.86 

43.04 

0.4 

n-Octene-T1 

55.77 

54.67 

42.86 

42.44 

1.0 

n-Decene-ld 

74.89 

73.82 

34.29 

34.14 

0.4 

n-Dodecene-ld 

82.16 

81.45 

28.57 

28.61 

0.1 

n -Tetradecene- ld 

100.30 

98.69 

24.49 

24.34 

0.6 

n-HexadCcene-ld 

115.20 

111.39 

21.43 

20.93 

2.3 

a  Amount  of  ozone  (in  grams)  consumed  by  100  grams  of  olefin. 

b  Mean  values  of  eight  replicate  experiments. 
r  99.73%  Research  grade,  Philips  Petroleum  Co. 

99%  Development  chemicals,  Gulf  Oil  Corp. 

In  this  procedure  changes  in  the  ozone  concentration  during  the 
determination  do  not  affect  the  results,  and  it  is  not  mecessary  to  know 
the  exact  ozone  concentration,  in  contrast  to  the  conventional  analytical 
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procedure.  Other  advantages  are  that  no  warm-up  time  is  required  for  the 
ozonator,  and  the  detection  of  the  end  point  of  the  reaction  is  not  critical. 

An  olefin  can  be  ozonized  at  temperatures  ranging  from  room  tempera¬ 
ture  Jo  the  temperature  of  acetone-dry  ice  mixtures.  A  temperature  of 

20  C  is  used  in  most  conventional  procedures.  At  room  temperature 
the  solubility  of  ozone  in  chloroform  should  be  negligible.  Because  of  the 
risk  of  degradative  reactions  of  certain  olefins  and  of  the  solvent,  how¬ 
ever,  a  temperature  of  —  30°C  was  chosen.  This  temperature  was  main¬ 
tained  within  ±2°C.  A  solubility  factor  of  0.25  mg  of  ozone  was  estab¬ 
lished  and  was  used  in  all  calculations. 


Method  of  M.  M.  Smits  and  D.  Hoefman 

[ Adapted  in  Part  from  Anal.  Chem.,  44,  1688  (1972)] 

Although  more  elaborate,  this  arrangement  for  the  quantitative  deter¬ 
mination  of  olefinic  unsaturation  by  measurements  of  ozone  consumption 
has  advantages  in  speed  and  convenience  over  the  other  ozonometric 
methods. 

A  mixture  of  oxygen  and  ozone  of  constant  composition  is  passed  at 
constant  flow  rate  through  the  sample,  to  which  a  color  indicator  has 
been  added.  Immediately  after  the  ozone  has  converted  the  olefins 
present,  the  color  of  the  indicator  changes,  marking  the  end  point.  The 
olefin  content  of  the  sample  is  then  calculated  by  comparison  of  its 
reaction  time  with  that  of  a  calibration  standard  compound.  The  flow 
rate  is  controlled  by  a  precision  valve  and  a  rotameter.  Ozone  is  supplied 
by  a  commercial  dry  ozone  generator  at  a  very  constant  output.  The  color 
change  of  the  indicator  is  measured  by  a  photometric  device  connected  to 
a  recorder.  The  absorption  of  the  solution  drops  rapidly  during  discolora¬ 
tion  of  the  indicator,  resulting  in  a  change  in  resistance  of  a  photocell  that 
is  recorded  continuously.  The  time  required  for  the  ozonolysis  can  be 
defined  accurately  from  the  curve  obtained. 


apparatus 

The  ozonolysis  equipment  is  assembled  as  in  Fig.  7.17  and  includes  a  high- 
pressure  flow  regulator  a  (Brooks  Instrument  Division,  Emerson  Electric  Co 
Hatfield  Pa  19440),  and  the  ozone  generator  b  with  a  built-in  rotameter  c. 
suitable  instrument  is  that  manufactured  by  Fischer  Labor, echnik  (53  Bonn- 
Bad  Godesberg,  Heerstrasse  35-37,  Germany).  On  the  from  panel  a  calibration 
curve  is  sketched,  giving  ozone  output  in  grams  per  hour  versus  oxygen  flow  in 


Unsaturation 


445 


apparatus 


for 


liters  per  hour.  Since  ozone  is  highly  toxic  and  may  cause  severe  irritation  of  the 
respiratory  tract  and  eyes,  the  instrument  should  be  placed  under  a  well- 
ventilated  hood.  The  reaction  vessel  d  consists  of  two  parts  connected  by 
ground-glass  joints  held  in  position  by  springs.  The  stirrer  e  is  bell  shaped  to 
ensure  thorough  mixing  of  gas  and  liquid.  It  rotates  at  approximately  1200  rpm. 

The  photoelectric  circuit  is  illustrated  in  Fig.  7.18.  Light  source  E  and  light- 
dependent  resistor  (LDR)  E,  both  belong  to  a  photoelectric  relay  (N.V.  In- 
strumentenfabriek  H.  M.  Smitt,  Midellaan  3-5,  Bilthoven,  the  Netherlands). 
Before  entering  the  reaction  vessel,  the  light  beam  passes  through  an  interference 
filter,  which  has  its  maximum  transmission  in  the  same  region  as  the  maximum 
absorbance  of  the  indicator  solution  (i.e.,  at  about  550  nm).  Care  must  be  taken 
that  the  light  path  is  not  interrupted  by  the  stirrer. 


R  4 

820  K 
\%  HS 


Fig.  7.18.  Photodetector  for  titration. 
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REAGENT 


The  indicator  is  Rouge  Organol  B.  S.  from  Cie  Franfaise  des  Matieres 
Colorantes  (15  Boulevard  de  l'Amiral-Brieux,  Paris  16e).  It  is  used  as  a  0.1%  by 
weight  solution  in  chloroform. 


PROCEDURE 

Allow  the  ozone  generator  to  stabilize  for  30  minutes  before  the 
determination  is  carried  out.  The  gas  escapes  into  the  hood  through  valve 

/■ 

Weigh  an  amount  of  sample  containing  1  to  2  meq.  of  olefins  into  the 
reaction  vessel  d  (Fig.  7.17),  and  dilute  with  40  ml  of  chloroform.  Add 
1  ml  of  indicator  solution.  Connect  the  reaction  vessel  to  the  apparatus 
via  the  joint  q,  and  start  the  stirrer.  Introduce  ozone  into  the  reaction 
mixture  through  valve  /,  and  at  the  same  time  start  the  recorder.  Con¬ 
tinue  the  ozonization  until  the  color  of  the  indicator  fades.  On  the 
recorder  chart  the  S-shaped  curve  levels  off,  as  in  Fig.  7.19.  Close  valve  / 
to  shut  off  the  ozone  supply. 

Apply  the  same  procedure  to  a  solution  of  pure  olefin,  (e.g.,  n- 
hexadecene-1)  to  serve  as  a  calibration  standard.  Make  blank  determina¬ 
tions  in  the  same  way  with  pure  chloroform,  but  omit  the  olefin  sample. 

Adjust  the  flow  rate  and  ozone  concentration  of  the  oxygen  stream  to 
obtain  the  ozonation  of  1  mM  of  hexadecene  in  about  10  minutes.  Read 
the  end  point  as  illustrated  in  Fig.  7.19.  Measure  the  distance  t  from  the 
start  to  the  deflection  point  corresponding  to  the  reaction  time. 


pig  7  \  9'  End  point  determination  in  ozonolysis. 
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CALCULATION 


Wc  1000 

Ozone  supply  =  - 

(tc  _ 


millimoles  per  second 


Ozone  number  (milliequivalents  of  olefin  per  gram)  ozone  supply 

**  s 

where  t  is  the  measured  reaction  time,  W,  the  sample  weight  in  grams, 
and  the  subscripts  5,  c  and  0  refer  to  sample,  calibration  standard,  and 

Table  24.  Ozonometric  Determination  of  Unsaturation  of  Olefins 


Olefin" 

Sample 

Weight, 

gram 

Ozone  Number^ 

Mean 

Found  Value  Theory 

3-Heptene 

0.1663 

10.195 

10.25 

10.20 

0.1822 

10.299 

0.1975 

10.252 

1-Octene 

0.1733 

8.909 

8.88 

8.93 

0.2029 

8.884 

0.2423 

8.835 

2-Methylheptene-2 

0.1462 

9.146 

9.29 

8.93 

0.2168 

9.316 

0.2472 

9.418 

2,4,4-Trimethylpentene- 1 

0.1355 

8.969 

8.98 

8.93 

0.2128 

8.954 

0.2389 

9.019 

2,3,4-Trimethylpentene-2 

0.1496 

8.674 

8.68 

8.93 

0.2098 

8.675 

0.2380 

8.688 

4-Methylpentadiene- 1 ,3 

0.0681 

25.74 

25.4 

24. 4C 

0.0686 

25.06 

1 ,3-Cyclohexadiene 

0.0710 

27.63 

26.7 

25. 0C 

0.0790 

25.81 

2,5-Dimethylhexadiene-2,4 

0.0717 

18.31 

18.3 

18. 2C 

0.0723 

18.20 

Di(cyclopentadiene) 

0.0925 

15.84 

15.6 

15.3d 

0.0951 

15.39 

Hex-rrans-2-enal 

10.26 

10.2 

‘  All  the  olefins  are  commercially  available.  Purity,  as  determined  by  gas-liquid 
chromatography,  exceeds  99%. 

Milligram  equivalent  of  ozone  absorbed  per  gram  of  olefin. 

Calculated  for  two  double  bonds  per  molecule. 
d  Per  molecule  of  dimer. 
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blank,  respectively;  Ec  is  the  equivalent  weight  of  the  calibration  stan¬ 
dard. 


RESULTS  AND  DISCUSSION 


The  method  has  been  tested  successfully  on  a  wide  variety  of  olefins 
(Table  24)  as  well  as  on  low  and  high  molecular  weight  technical  samples 
(Table  25).  It  shows  no  major  discrepancies  from  the  theoretical  values 
for  all  olefins  tested,  including  terminal  substituted  olefins.  Accurate 
results  are  obtained  also  with  conjugated  dienes  and  unsaturated  al¬ 
dehydes  (Table  24). 

The  differences  between  the  values  obtained  for  different  sample  sizes 
do  not  exceed  ±0.02  meq.  per  gram  for  ozone  numbers  less  than  0.5  meq. 
per  gram,  and  ±5%  relative  for  ozone  numbers  greater  than  0.5  meq.  per 
gram.  The  detection  limit  is  approximately  0.01  meq.  per  gram. 

Some  sulfur-  and  nitrogen-containing  compounds,  as  well  as  aromatics, 
may  absorb  ozone  in  varying  amounts,  depending  on  their  structure 
(Table  26). 

Table  25.  Ozonometric  Determination  of  Unsaturation  in  Olefinic  Samples 


Ozone  Number  “ 

Sample 

Mean 

Weight, 

Sample 

gram 

Found 

Value 

Calculated 

u-Eicoseneh 

0.3730 

3.55 

3.58 

3.57 

0.4763 

3.61 

Propylene  tetramer 

0.0742 

5.94 

5.95 

5.95c 

0.0773 

5.97 

0.1537 

5.98 

0.1556 

5.91 

0.2239 

6.01 

0.2318 

5.88 

Allylchloride  in  chlorobenzene 

I 

0.3630 

0.5053 

4.26 

4.19 

4.24 

4.25d 

0.5306 

4.29 

II 

0.2025 

6.00 

5.91 

5.87d 

0.3265 

5.89 

0.4051 

5.83 

«  Milligram  equivalent  of  ozone  absorbed  per  gram  of  sample. 

*>  Miytnre  of  double-bond  isomers.  , 

«  calculated  for  one  double  bond  per  molecule  of  tetramer.  Between  5.95  and 

6  00  meq  per  gram,  determined  by  ultraviolet. 

"  Samples  prepared  by  mixing  weighed  quantities  of  components. 
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Table  26.  Ozonization  of  Nonolefinic  Compounds 

Compound  Ozone  Number0 1000/M'’ 


Cyclohexane 

Toluene 

Chlorobenzene 

Pyridine 

Acetonitrile 

8-Hydroxyquinoline 

Naphthalene 

Anthracene 

Phenanthrene 

1-Decanethiol 


<0.01 

11.9 

<0.01 

10.9 

<0.01 

8.9 

<0.01 

12.7 

<0.01 

24.4 

15.6 

6.9 

6.3 

7.8 

13.7 

5.6 

6.2 

5.6 

7.6 

5.7 

a  Millimoles  of  ozone  absorbed  per  gram  of 
compound. 

b  Number  of  millimoles  of  compound  per  gram, 
for  comparison. 


Epoxidation  with  m-Chloroperbenzoic  Acid 

Adapted  from  P.  Dreyfuss  and  J.  P.  Kennedy 

[Anal.  Chem.,  47,  771  (1975)] 

The  epoxidation  of  olefins  proceeds  as  follows: 

O  •  •  H  O 

\  /  II  I  \/\/ 

C=c  T  R — C  O  C— C  +  RCOOH 

/  \  \  /  /  \ 

o 

The  instability  of  perbenzoic  acid  has  prevented  its  use  as  a  general 
analytical  reagent.  The  stability  and  commerical  availability  of  m- 
chloroperbenzoic  acid  makes  the  epoxidation  reaction  practical  as  a  basis 
for  the  determination  of  unsaturation  in  olefins  and  in  polymers. 


REAGENTS 

m-Ch«oroperbenzoic  acid  (technical  grade,  Aldrich  Chemical  Company)  was 
purified  by  washing  with  a  phosphate  buffer,  67.1  grams  of  Na2HP04-7H,0  and 
34.0  grams  of  KH2P0j  in  1  liter  of  distilled  water  and  then  with  distilled  water. 
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After  it  was  dried  overnight  with  vacuum  at  room  temperature,  it  was  further 
dried  to  constant  weight  over  P205  in  a  vacuum  desiccator.  Recovery  was  85%. 
The  0.6 M  solutions  of  the  perbenzoic  acid  were  stored  in  a  freezer. 


GENERAL  PROCEDURE  FOR  OLEFINS 

Dissolve  the  olefin  (0.2-0. 6  ml,  0.8-3  mM)  in  10  ml  of  methylene 
chloride  in  a  250-ml  Erlenmeyer  flask.  Add  5  ml  of  0.6 M  solution  of 
m-chloroperbenzoic  acid  in  methylene  chloride  and  let  stand  at  room 
temperature  until  complete  reaction  is  obtained  (0.08-20  hours)  with 
occasional  swirling.  Add  10  ml  of  10%  potassium  iodide  solution,  7  ml  of 
glacial  acetic  acid,  and  40  ml  of  distilled  water.  Titrate  the  liberated 
iodine  with  standard  0.1  N  sodium  thiosulfate  solution  to  the  starch  end 
point. 


PROCEDURE  FOR  POLYMERS 

Add  0.2  to  0.5  gram  of  polymer  to  5  ml  of  heptane  in  a  250-ml 
Erlenmeyer  flask.  Cover  the  flask  tightly  with  aluminum  foil  and  shake 
overnight  on  a  wrist-action  shaker  to  dissolve  the  polymer.  Add  20  ml  of 
methylene  chloride  and  5  ml  of  0.6 M  m-chloroperbenzoic  acid  in 
methylene  chloride,  and  stir  magnetically  until  complete  epoxidation  is 
obtained.  Carry  out  the  titration  in  the  manner  used  for  olefins. 


RESULTS  AND  DISCUSSION 


The  particular  olefins  studied  were  chosen  to  serve  as  the  basis  for  an 
exploration  of  the  rate  of  epoxidation  of  unsaturation  in  Nordel  and  in 
butyl  rubbers.  These  polymers  contain  small  amounts  of  random  unsat¬ 
uration  The  unsaturation  arises  as  a  result  of  the  copolymerization  o 
1  4-hexadiene  and  isoprene  in  Nordel  and  in  butyl  rubbers,  respectively. 

The  rate  of  epoxidation  of  the  model  olefins  by  m-chloroperbenzoic 
acid  is  rapid  and  essentially  quantitative.  The  reaction  is  more  rapid  in 
solvents  of  higher  dielectric  constant.  The  order  of  reactivity  is 

2,4, 4-trimethyl-2-pentene  a  2-hexene  >  2,4,4-trimethyl-l  -pentene  >b^ 


Increasing  substitution  of  the  olefin  carbon  leads  to  increased  reactivity, 
and  1,2-disubstitution  seems  to  be  more  effective  than  1,1-  isu  stitu  ion. 
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Reaction  rates  were  especially  rapid  for  both  2-hexene  and  2,2,4- 
trimethyl-2-pentene,  the  models  chosen  for  the  copolymers.  Epoxtdat.on 
for  these  compounds  was  complete  in  5  to  10  minutes 
The  average  deviation  of  duplicate  analyses  of  the  olefins  was  0.003. 
Analytical  resuts  for  two  butyl  rubbers  and  one  Nordel  are  given  in 
Table  27.  The  variation  in  the  results  arises  both  from  the  usual  errors  in 
titration  and  from  the  random  unsaturation  in  the  polymers.  Therefore 


Table  27.  Results  of  Epoxidation  Studies  on  Polymers 


Unsaturation'1,  mole  % 


Polymer 

O 

II 

o 

& 

sO 

Found 

Literature  Other 

Butyl  LM430, 

Av  1.95 

Av  4.56 

4.2 

crude 

Exptl  1.65 

Exptl  3.85 

1.52 

3.55 

1.77 

4.12 

1.98 

4.62 

2.85 

6.65 

Butyl  LM430, 

Av  2.08 

Av  4.18 

4.2  — 

purified 

Exptl  1.79 

Exptl  4.18 

2.34 

5.45 

1.92 

4.48 

2.28 

5.31 

Butyl  268, 

Av  0.69 

Av  1.63 

1. 5-2.0  1.61 

purified 

Exptl  0.69 

Exptl  1.62 

0.76 

1.68 

0.64 

1.49 

Nordel  1440, 

Av  1.19 

purified 

Exptl  1.13 

1.38 

1.39 

1.97 

0.85 

%  C=C  =  L(meq.  consumed)  (24.04)  (100)J/L2(sample  weight) 

(1000)]. 

Mole  %  unsaturation  =  moles  of  copolymerized  isoprene  per 
100  moles  of  isobutylene  =  [(equivalent  weight  isoprene)  x  (milli- 
equivalents  consumed)  x  (molecular  weight  of  isoprene)  x 
100]/[2(1000)x  (grams  of  polymer)  x  (molecular  weight  of  iso¬ 
prene)].  The  equivalent  weight  of  isoprene  equals  the  molecular 
weight  of  isoprene,  the  final  equation  is  mole  %  =  [milliequivalents 
consumed)  x  (molecular  weight  of  isobutylene)  x  100]/[2(1000)  x 
(grams  polymer)]. 

Determined  by  iodine  number. 
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some  of  the  variations  observed  may  represent  real  differences  in  the 
samples.  Like  the  model  compounds,  the  polymers  react  very  rapidly  with 
m-chloroperbenzoic  acid.  There  was  no  change  in  the  determined  unsat¬ 
uration  after  5  minutes  of  reaction,  although  the  reaction  was  followed 
for  more  than  2  hours.  Nevertheless,  a  60-minute  reaction  period  is 
recommended.  When  the  literature  data  are  available  for  comparison,  the 
agreement  of  the  observed  unsaturation  with  the  literature  value  is  found 
to  be  excellent. 


Determination  of  a, /3 -Unsaturated  Compounds 

a,/3 -Unsaturated  compounds  can  be  determined  by  any  of  the  preced¬ 
ing  reactions.  These  compounds  undergo  two  other  addition  reactions — 
addition  of  sodium  bisulfite  and  of  morpholine— which  are  more  charac¬ 
teristic  and  are  often  faster  and/or  easier  to  carry  out  than  those  de¬ 
scribed.  Of  the  two  methods,  the  bisulfite  method  is  generally  the  more 
precise,  but  the  morpholine  method  is  subject  to  less  interferences. 


SODIUM  BISULFITE  METHOD 


Adapted  from  F.  E.  Critchfield  and  J.  B.  Johnson 

[ Reprinted  in  Part  from  Anal.  Chem.,  28,  73—6  ( 1956 )] 

In  this  reaction  a  substituted  sodium  sulfonate  is  formed  (46)  with  a 
corresponding  decrease  in  acidity  according  to  the  equation 


NaHSCk 


4-  CH2=CH— X  -►  Na03S — CH2CH2  X 


(7) 


where  X  is  any  strong  electron-attracting  group.  Tins  reaction  has  been 
utilized  commercially  in  the  manufacture  of  anionic  surface-active  agen 
(47).  it  has  also  been  used  as  an  analytical  procedure  by  Rosenthaler  (48) 
for  the  determination  of  maleic  acid;  but  under  the 
thaler  established,  he  was  unable  to  determine  fumanc  acid  The  bisul 
reaction  was  also  used  by  the  Siggia  and  Maxcy  (49)  method  to  determine 

aldehydes  (see  pp.  100-115). 

46.  R.  T.  E.  Schenck  and  I.  Danishefsky,  J.  Org.  Chem.,  16,  1683  (1951). 

47.  C.  R.  Caryl,  Ind.  Eng.  Chem.,  33,  731  (J941). 

48.  L.  Rosenthaler,  Pharm.  Acta  He  v.,  *  j 023  (1947). 

49.  S.  Siggia  and  W.  Maxcy,  Ind.  Eng.  Chem..  Anal.  Ed..  19,  1023  (19 
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•  In  the  method  of  analysis  presented  here,  a  known  excess  of  sulfuric 
acid  is  added  to  the  sodium  sulfite  reaction  mixture.  The  decrease  in 
acidity  as  determined  by  titration  with  standard  sodium  hydroxide  to 
alizarin  yellow  R-xylene  cyanol  FF  mixed  indicator  is  a  direct  measure  of 
the  unsaturated  compound  originally  present.  Under  these  conditions, 
sodium  sulfite  is  neutral  and  a  large  excess  can  be  used.  For  maximum 
reactivity  a  saturated  or  nearly  saturated  solution  of  the  reagent  is 

recommended. 


REAGENTS 


Isopropyl  alcohol,  anhydrous  commerical  grade.  Carbide  and  Carbon  Chemical 
Company. 

sulfuric  acid,  approximately  IN.  Dissolve  49  grams  of  reagent  grade  sul¬ 
furic  acid  in  1000  ml  of  water. 

sodium  sulfite,  approximately  2 M.  Dissolve  252  grams  of  anhydrous  sodium 
sulfite  in  100  ml  of  distilled  water.  This  reagent  should  be  prepared  fresh  at  least 
once  a  week. 

ALIZARIN  YELLOW  R-XYLENE  CYANOL  FF  MIXED  INDICATOR.  Dissolve  0.1  gram 

of  alizarin  yellow  R  and  0.06  gram  of  xylene  cyanol  FF  in  100  ml  of  distilled 
water. 


PROCEDURE 

To  make  all  sample  and  blank  determinations  in  duplicate,  introduce 
into  each  of  a  sufficient  number  of  glass-stoppered  Erlenmeyer  flasks, 
25  ml  of  the  sodium  sulfite  reagent  by  means  of  a  graduated  cylinder.  For 
reaction  at  98°C,  use  heat-resistant  pressure  bottles.  Pipet  exactly  25.0  ml 
of  IN  sulfuric  acid  into  each  flask  and  add  the  amount  of  isopropyl 
alcohol  specified  in  Table  28.  Purge  the  flasks  with  nitrogen  and  then 
stopper.  Reserve  two  of  the  flasks  for  blanks.  Into  each  of  the  other  flasks 
add  an  amount  of  sample  that  contains  not  more  than  15.0  meq.  of 
unsaturated  compound.  For  dilute  solutions,  the  samples  may  be  pipetted 
and  the  weight  calculated  from  the  specific  gravity.  Allow  the  samples  to 
react  undej  the  conditions  specified  in  Table  28.  If  the  reaction  is  carried 
out  at  98°C,  allow  the  pressure  bottles  to  cool  to  room  temperature 
before  the  bottles  are  uncapped.  If  specified  in  Table  28,  place  the 
samples  and  blanks  in  a  -  10°C  bath  for  10  minutes.  Add  5  or  6  drops  of 
the  alizarin  yellow  R-xylene  cyanol  mixed  indicator  and  titrate  the 

samples  and  blanks  with  0.5 N  sodium  hydroxide  just  to  the  disappear¬ 
ance  of  the  green  color.  P 


Table  28.  Reaction  Conditions  for  Determination  of  «,p. 
Unsaturated  Compounds  by  Sodium  Sulfite  Reagent 

Reaction  Conditions 


9 

Compound 

Temperature,  °C 

Time,  Min. 

Acrylic  acid 

98a 

15  to  50 

Acrylonitrile 

25 

5  to  30 

Crotonic  acid 

98<l 

60  to  120 

Diethyl  fumarate 

25a,b 

1 5  to  90 

Diethyl  maleate 

25h’c 

60  to  90 

Ethyl  acrylate 

25b 

30  to  60 

Maleic  acid 

98a 

1 5  to  90 

Methyl  acrylate 

25b 

15  to  60 

a  Use  15.0  ml.  of  isopropyl  alcohol  as  a  cosolvent. 
b  Place  samples  and  blank  in  a  —  10°C  bath  for  10 
minutes  before  titration. 

c  Place  on  mechanical  shaker  for  15  minutes. 
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Fig.  7.20.  Effect  of  pH  on  rate  of  addition  of  sodium 
sulfite  «,/3 -unsaturated  compounds:  1,  ethyl  crotonate 
at  room  temperature;  2,  ethyl  crotonate  at  100  C;  3, 
crotonic  acid  at  100°C  (46). 
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'  For  unsaturated  acids,  it  is  necessary  to  determine  the  acidity  ot  the 
sample  independently  by  titration  with  standard  sodium  hydroxide  to 
phenolphthalein  indicator.  The  procedure  for  the  deter rn.nahon  of  unsat¬ 
uration  in  these  acids  is  identical  to  that  just  described,  except  that  the  - 
sample  titration  is  usually  larger  than  that  of  the  blank. 


DISCUSSION  AND  RESULTS 

The  rate  of  addition  of  sodium  sulfite  to  -unsaturated  compounds  is 
appreciably  affected  by  the  pH  of  the  reagent.  Curve  3,  (Fig.  7.20), 
illustrates  this  effect  on  the  reaction  with  crotonic  acid  according  to 
Schenck  and  Danishefsky  (46).  A  similar  result  is  obtained  for  the 
reaction  with  ethyl  crotonate  at  100°C,  curve  2.  It  is  evident  from  these 
curves  that  the  optimum  range  for  maximum  reactivity  is  pH  5.5  to  6.5. 
For  ethyl  crotonate  at  room  temperature  (curve  1),  the  apparent  conver¬ 
sion  over  this  range  of  pH  is  above  100%,  indicating  the  occurrence  of 
secondary  reactions. 

Two  of  the  secondary  reactions  which  are  believed  to  occur  between 
sodium  sulfite  and  a,/3-unsaturated  compounds  are  given  by  the  equa¬ 
tions 

NaHS03  NaOH  +  S02  (8) 

H 

CFl2=C— X  +  S02  CHo — CH — X 

A  \  / 

so2 

SO3-  -  +  oxidant  — ►  [S03-]~  +  oxidant-  (9) 

CH2=CH— X  +  [S03-]~  ->  ~03S — CH2 — CH — X 
~o3s — CH2 — CH — x  +  hso3-  ->  -o3sch2ch2 — X  +  [S03-]- 

where  X  is  any  strong  electron-attracting  group.  The  occurrence  of  the 
reaction  shown  in  eq.  8  gives  high  results,  because  this  method  is  based 
on  an  acidimetric  determination.  The  net  effect  of  the  reaction  is  an 
apparent  decrease  ot  two  equivalents  of  acidity.  This  is  shown  graphically 
in  curve  1  of  Fig.  7.20.  At  pH  5.3  and  at  room  temperature  the  apparent 
addition  of  sodium  sulfite  to  ethyl  crotonate  is  130%.  At  100°C  (curve  2), 
this  reaction  apparently  does  not  occur,  presumably  because  of  the 
thermal  instability  of  the  cyclic  sulfone  reaction  product.  Also,  com¬ 
pounds  that  are  appreciably  soluble  in  the  reagent  do  not  undergo  this 
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reaction,  suggesting  that  the  reaction  takes  place  only  at  the  gas-liquid 
interface.  This  reaction  is  favored  at  low  values  of  pH,  presumably 
because  of  the  increase  of  free  sulfur  dioxide  in  the  gas  phase.  In  some 
cases  this  side  reaction  can  be  minimized  by  the  addition  of  a  cosolvent 
such  as  isopropyl  alcohol.  Using  the  reagent  as  specified,  approximately 
20.0  ml  of  cosolvent  can  be  tolerated  before  phase  separation  occurs. 
Although  no  literature  confirmation  of  the  reaction  of  sulfur  dioxide  with 
a,/3 -unsaturated  compounds  has  been  found,  the  reaction  with  butadienes 
to  form  cyclic  sulfones  has  been  reported  (50). 

The  secondary  reaction  shown  in  eq.  9  is  similar  to  the  principal 
nucleophilic  reaction  in  that  the  same  reaction  product  is  fomed.  How¬ 
ever  this  reaction  proceeds  by  a  free-radical  mechanism  and  is  not 
restricted  to  conjugated  systems  (51).  The  occurrence  of  this  reaction 
therefore  prohibits  the  use  of  this  reagent  for  the  determination  of 
a, (5 -unsaturation  in  the  presence  of  olefinic-type  unsaturation.  As  would 
be  expected,  this  reaction  is  inhibited  by  the  presence  of  hydroquinone 
and  the  absence  of  peroxides  and  molecular  oxygen  (51). 

Secondary  reactions  other  than  those  involving  the  carbon-to-carbon 
double  bond  are  known  to  occur  with  this  reagent.  Among  these  are  the 


Table  29.  Analysis  of  Substantially  Pure  a,p* 
Unsaturated  Compounds 

Average  Purity,  wt.  % 


Compound 

Sodium  Sulfite 
Methoda 

Other 

Acrylic  acid 

98.4  ±0.2(5) 

98. 7b 

Acrylonitrile 

98.1 c 

— 

Crotonic  acid 

98.7  ±0.1  (3) 

99Ad 

Diethyl  fumarate 

99.9  ±0.1  (8) 

99.9e 

Diethyl  maleate 

98.6  ±0.1  (5) 

98.6* 

Ethyl  acrylate 

99.2  ±0.1  (6) 

99.0* 

Maleic  acid 

99.2  ±0.2(5) 

99.0rf 

Methyl  acrylate 

98.4  ±0.1(7) 

98.3* 

a  Figures  in  parentheses  represent  number  of  determi¬ 
nations. 

b  Modified  Kaufmann  bromination  of  potassium  salt. 
c  Standard  deviation  for  eight  degrees  of  freedom  is 
0.09. 

d  Acidity  titration. 
e  Saponification. 

50.  H.  J.  Backer,  J.  Strating,  and  C.  M.  H.  Kool,  Rec.  Trav.  Chim.  Pays-Bas.,  58.  778 

51.  M^Kharasch,  E.  M.  May,  and  F.  R.  Mayo.  J.  Org.  Chem.,  3,  175  (1938). 
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Table  30.  Selection  of  Reagent  for  Determination  of  a.P 

H  R 

i  _  i 

Unsaturated  Compounds  of  Type  R'=C— C  —X 


X 

R 

R' 

Method® 

— N 

H 

H 

A,  B 

Alkyl 

H 

A 

H 

Alkyl 

A 

Alkyl 

Alkyl 

C 

— COOH 

H 

H 

A,  B 

Alkyl 

H 

A6,  Bb 

H 

Alkyl 

Ab,  B 

Alkyl 

Alkyl 

C 

H 

—COOH 

B 

— COONa 

— 

— 

Cc 

— COOR" 

H 

H 

A,  B* 

Alkyl 

H 

A 

H 

Alkyl 

A 

Alkyl 

Alkyl 

C 

H 

— COOR" 

Ac,  Bd 

— conh2 

H 

H 

A 

H 

Alkyl 

Ab 

Alkyl 

H 

Ab 

Alkyl 

Alkyl 

C 

— COH 

— 

— 

Cc 

—COR" 

— 

— 

ce 

a  A,  Morpholine  method  (53)  (see  pp.  458-467);  B, 
sodium  sulfite  method;  C,  modified  Kaufmann  bromina- 
tion  method  (54). 

h  No  experimental  data;  reaction  predicted. 
c  Independent  of  R  and  R'. 
d  Only  if  R"  is  methyl  or  ethyl. 
e  Use  conductometric  end  point  determination. 

substitution  reactions  involving  a  carbon-to-halogen  bond,  addition  to 
carbonyls,  and  saponification  of  esters.  Saponification  does  not  occur  at 
room  temperature  when  the  specified  reagent,  at  pH  6.2,  is  used. 
However,  at  100  C  saponification  does  take  place  to  an  appreciable 
extent.  For  ethyl  crotonate  (Fig.  7.20,  curve  2),  an  apparent  95%  reaction 
is  obtained  at  this  temperature.  This  low  result  can  be  attributed  to  the 
saponification  of  5.0%  of  this  compound.  Esters  that  fail  to  react  quan¬ 
titatively  with  the  reagent  at  room  temperature  cannot  be  determined  bv 
this  method. 

Among  the  other  reactions  that  are  known  to  take  place  with  this 
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reagent  are  the  addition  to  epoxides  (52),  reaction  with  strong  oxidizing 
and  reducing  agents,  and  reaction  with  aldehyde.  Since  the  method  is 
based  on  a  measurement  of  the  decrease  in  acidity,  a  correction  must  be 
applied  for  the  presence  of  mineral  and  organic  acids  and  inorganic  and 
most  organic  bases. 

Table  29  lists  a  number  of  compounds  that  have  been  successfully 
determined  by  the  sulfite  method. 

Table  30  is  a  guide  for  the  selection  of  the  method  best  suited  for  the 
determination  of  a  particular  compound  from  a  consideration  of  its 
structure. 

MORPHOLINE  METHOD 

Adapted  from  F.  E.  Critchfield,  G.  L.  Funk,  and  J.  B.  Johnson 

[ Reprinted  in  Part  from  Anal.  Chem.,  28 ,  76  ( 1956 )] 

In  the  method  presented  here  an  excess  of  morpholine,  a  secondary 
amine,  reacts  in  the  presence  of  acetic  acid  catalyst  with  the  unsaturated 
compound  according  to  the  following  equation: 


CH2CH2 


H  H 


/ 


\ 


N— H  +  R — C=C — X  CH3CQQH^ 


O 


\ 


/ 


ch2ch2 


o 


unsaturated  compound  originally  present. 


53.  F.  E.  Critchfield,  G.  L.  Funk,  and  j.  d 

54.  H.  P.  Kaufmann  and  O.  O.  Kornmann 
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'  APPARATUS 


All  potentiometric  titrations  are  performed  using  a  Leeds  &  Northrup  pH 
meter  equipped  with  glass  and  ealomel  electrodes.  Conductometric  titrations  are 
made  using  a  Model  RCM  1 5  Serfass  direct-reading  conductance  bridge.  W 
this  instrument,  a  dip-type  conductivity  cell  with  platinized-platinum  electrodes 
having  a  cell  constant  of  approximately  0.1  cm  1  is  used. 


REAGENTS 

Acetontrile,  commercial  grade.  Carbide  and  Carbon  Chemicals  Company. 
acetic  acid  solution.  Mix  1  part  of  glacial  acetic  acid,  Grasselli  reagent  grade, 
with  1  part  of  distilled  water. 

Acetic  anhydride,  commerical  grade.  Carbide  and  Carbon  Chemicals. 
Methanol,  anhydrous,  commerical  grade.  Carbide  and  Carbon  Chemicals. 
Morpholine,  anhydrous,  commercial  grade.  Carbide  and  Carbon  Chemicals. 
standard  0.5/V  hydrochloric  acid  in  methanol.  Transfer  85  ml  of  6/V 
hydrochloric  acid  to  a  1000-ml  volumetric  flask  and  dilute  to  volume  with 
methanol.  Standardize  by  titrating  exactly  40.0  ml  of  the  solution  with  standard 
0.5 N  sodium  hydroxide  using  phenolphthalein  indicator.  This  titrant  can  best  be 
dispensed  from  an  automatic  buret  assembly  and  should  be  standardized  daily. 
For  the  change  of  normality  with  increase  in  temperature  use  A N/°C  =  —0.0005. 

METHYL  ORANGE-XYLENE  CYANOL  MIXED  INDICATOR.  Dissolve  0.15  gram  Of 

methyl  orange  and  0.08  gram  of  xylene  cyanol  FF  in  100  ml  of  distilled  water. 


PROCEDURE 

indicator  method.  By  means  of  a  graduated  cylinder  or  dispensing 
buret  add  10  ml  of  morpholine  to  each  of  two  250-ml  glass-stoppered 
Erlenmeyer  flasks.  For  reactions  at  98  ±2°C,  use  heat-resistant  pressure 
bottles.  Reserve  one  of  the  flasks  as  a  blank.  Into  the  other  flask 
introduce  an  amount  of  sample  containing  not  more  than  23  meq.  of  the 
unsaturated  compound.  For  substantially  pure  material,  weigh  to  the 
nearest  0.1  mg.  For  dilute  solutions,  the  sample  may  be  added  by  means 
of  a  pipet  and  the  sample  weight  calculated  from  the  specific  gravity.  To 
each  flask  add  7.0  ml  of  acetic  acid  solution,  unless  otherwise  specified, 
and  the  amount  of  cosolvent  specified  in  Table  31.  Allow  both  the  sample 
and  the  blank  to  stand  for  the  time  and  at  the  temperature  specified  in 
Table  31.  If  elevated  temperatures  are  used,  carefully  cool  the  pressure 
bottles  to  room  temperature.  Add  50  ml  of  acetonitrile  to  each  flask  by 
means  of  a  graduated  cylinder.  While  constantly  swirling  the  flask,  add 
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Table  31.  Reaction  Conditions  for  ot,(3~Unsaturated  Com¬ 
pounds  by  Morpholine  Reaction 


Reaction  Conditions 


Tempera- 

Compound  Time,  Min.  ture,  °C 


Acrylamide 

5  to  120 

25 

Acrylic  acid 

15  to  120a 

98 

Acrylonitrile 

5  to  60 

25 

Allyl  cyanide  (3-butenenitrile) 

30  to  60 

98 

Butyl  acrylate 

5  to  60 

25 

Diethyl  fumarate 

30  to  90b 

25 

Di(2-ethylhexyl)  maleate 

45  to  90b>c 

25 

Diethyl  maleate 

30  to  90c 

25 

Ethyl  acrylate 

5  to  60 

25 

2-Ethylbutyl  acrylate 

5  to  30 

25 

Ethyl  crotonate 

15  to  60 

98 

2-Ethylhexyl  acrylate 

5  to  60 

25 

Methacrylonitrile 

120  to  240 

98 

Methyl  acrylate 

5  to  60 

25 

Methyl  methacrylate 

40  to  80 

98 

a  Use  10  ml.  methanol  cosolvent. 

b  Use  conductometric  titration  procedure. 

c  Use  40  ml.  methanol  cosolvent  and  2  ml.  acetic  acid 


solution. 


20  ml  of  acetic  anhydride  to  both  the  sample  and  blank  from  a  suitable 
graduated  cylinder  or  dispensing  buret  and  stopper.  Allow  to  cool  to 
room  temperature.  Add  5  or  6  drops  of  methyl  orange-xylene  cyanol 
mixed  indicator  and  titrate  with  standard  0.5N  methanohc  hydrochloric 
acid  to  the  disappearance  of  the  green  color.  A  Fisher  titrating  light  or 
similar  device  greatly  facilitates  the  selection  of  the  end  point. 
conductometric  method.  Follow  the  foregoing  procedure  except  limit 
the  sample  to  less  than  10.0  meq.  of  unsaturated  compound.  Titrate  the 
blank  using  the  indicator  method.  Quantitatively  transfer  the  contents  o 
the  sample^ flask  to  a  250-ml  tail-form  beaker.  Immerse  the  conductivity 
S  “7e  solution  ,„d  ,dd  me.h.nol  to  cover  the  elec, redes.  Tr.rat,  »,  h 
standard  0  5 N  hydrochloric  acid  in  methanol,  taking  conductance  meas- 
ureruem.  ..  three  or  tour  points  on  e.eh  side  ot  rhe  .nticip.ted  end  pom, . 
The  end  point  is  selected  from  a  graphical  plot  of  these  data. 
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discussion 

acid  catalysis.  The  esters  of  acrylic  acid  react  so  readily  with  mor¬ 
pholine  that  these  compounds  can  be  determined  without  the  addition  o 
catalytic  substances.  As  shown  in  Fig.  7.21,  curve  3,  the  reaction  with 
ethyl  crotonate  proceeds  only  with  difficulty  at  elevated  temperatures.  In 
the  presence  of  a  catalytic  amount  of  hydrochloric  acid  (curve  2),  this 
reaction  is  quantitative  in  60  minutes  at  98°C.  Acetic  acid  is  even  more 
effective  (curve  1)  and  does  not  interfere  in  the  subsequent  determination 

of  the  tertiary  amine  reaction  product. 

Figure  7.22  shows  the  effect  of  acetic  acid  on  the  reaction  rate  of 
morpholine  with  methyl  methacrylate.  From  this  curve  it  can  be  seen  that 
by  the  addition  of  3  ml  of  catalyst  solution  containing  50%  acetic  acid  to 
the  reaction  mixture  a  threefold  increase  is  effected  in  the  rate  of 
reaction.  At  concentrations  of  acid  greater  than  55%,  morpholinium 
acetate  is  precipitated,  with  subsequent  depletion  of  the  reagent.  In  the 
procedure  finally  adopted,  7.0  ml  of  50%  acetic  acid  has  been  specified, 
because  in  most  cases  the  maximum  rate  of  reaction  is  obtained  with  this 
volume  of  50%  acetic  acid. 


Ftg.  7.21.  Effect  of  acid  catalysts  on  reaction 
of  morpholine  with  ethyl  crotonate:  1,  acetic 
acid  catalyst;  2,  hydrochloric  acid  catalyst;  3, 
no  catalyst. 


Per  cent  reaction 
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3.0  ml.  catalyst  solution 


Fig.  1.22.  Effect  of  acetic  acid  concentration 
on  reaction  of  morpholine  with  methyl 
methacrylate.  Reaction  time  is  15  min¬ 
utes  at  room  temperature. 


effect  of  structure  on  reactivity.  From  the  data  obtained  in  this 
investigation,  several  important  generalizations  relating  structure  and 
reactivity  can  be  made.  In  general  the  compounds  that  react  most  readily 
with  the  reagent  are  acrylic-type  compounds  possessing  the  structure 

_ q — C(H) _ X,  where  X  is  any  strong  electron-attracting  (meta- 

orienting)  group.  Of  the  compounds  investigated,  the  following  sequence 
of  reactivity  with  morpholine,  as  a  function  of  the  electron-attracting 
group  of  acrylic  compounds,  was  found, 


O 


O 


O 


— C=N  ^  — C— OR  >  — C— OH  >  — C 


O 


R'  >  — C— ONa 


where  R  is  alkyl  and  R'  is  alkyl  or  hydrogen.  .saturated 

Attempts  to  determine  the  sodium  or  potassium  salts  of  a,p -unsaturated 

ac.0  and  «  0-unsaturated  aldehydes  and  ketones  by  thts  method  were 

unsuccessful  These  compounds,  wh.ch  are  relatively  unreact, ve  with 

morpholine,  react  smoothly  and  completely  with  brominating  reage 

-pounds, 

^mperaUares  must  be  employed.  The  effect  of  these  alky,  groups  can  be 
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attributed  to  their  electron-releasing  tendencies.  The  net  effect  of  a-  or 
/3-alkyl  substitution  is  an  increase  of  electron  density  about  the  (3  carbon 
atom,  thereby  decreasing  the  possibility  of  attack  by  a  nucleophilic 
reagent.  For  the  same  reason,  there  is  an  increase  in  the  susceptibility  of 
attack  by  electrophilic  reagents  such  as  bromine.  The  retarding  effect  of 
alkyl  substituents  on  the  reactivity  of  a,/3-unsaturated  compounds  with 
morpholine  is  as  follows: 

a, (3  »  a>  (3 

Of  the  compounds  investigated  that  possessed  both  a  and  (3  sub¬ 
stituents,  no  detectable  reaction  was  observed,  even  at  elevated  tempera¬ 
tures.  As  was  pointed  out,  these  compounds  react  more  readily  with 
brominating  reagents,  and  many  can  be  determined  in  this  manner. 

Certain  /3,y-unsaturated  compounds,  such  as  allyl  cyanide  (Table  32), 
are  isomerized  to  the  corresponding  a,/3 -unsaturated  compound  under 

Table  32.  Analysis  of  Substantially  Pure  Unsaturated  Compounds 


Compound 

Average  Purity,® 

wt.  % 

Morpholine  Method 

Other 

Acrylamide 

100.0  ±  0.1  (5) 

Acrylic  acid 

98.6  ±0.1  (4) 

98. 7b 

Acrylonitrile 

98. 3C 

— 

Allyl  cyanide 

98.3  ±0.1  (4) 

98.3d 

Butyl  acrylate 

99.8  ±  0.1  (4) 

99. 8e 

Diethyl  fumarate 

99.5  ±  0.2b  (2) 

99.9" 

Di(2-ethylhexyl)  maleate 

99.7  ±  0.2f  (2) 

100.0" 

Diethyl  maleate 

98.4  ±  0.2f  (2) 

98.6" 

Ethyl  acrylate 

99.2  ±0.2(4) 

99.0" 

2-Ethylbutyl  acrylate 

99.6  ±0.1  (4) 

99.5" 

Ethyl  crotonate 

100.0  ±  0.1  (3) 

99.9" 

2-Ethylhexyl  acrylate 

99.0  ±  0.1  (4) 

99.0" 

Methacrylonitrile 

97.9  ±0.2(3) 

Methyl  acrylate 

98.7  ±0.2(4) 

98.3" 

Methyl  methacrylate 

97.8  ±  0.1  (3) 

98.8" 

a  Figures  in  parentheses  represent  number  of  deter¬ 
minations. 


b  Bromination  of  potassium  salt. 

'  ^,andard  deviation  for  five  degrees  of  freedom  is  0  11 
Bromination  by  a  modified  Kaufmann  procedure 
Saponification. 

Conductometric  endpoint. 
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the  conditions  of  the  reaction  and  can  be  determined  by  this  method. 
Allyl  cyanide  is  the  only  compound  investigated  that  can  be  determined  by 
both  the  usual  brominating  reagents  and  by  reaction  with  morpholine. 

Table  32  lists  15  compounds  that  have  been  analyzed  successfully  by 
the  morpholine  method. 

ratio  of  morpholine  to  unsaturated  compounds.  Figure  7.23  shows  the 
effect  of  excess  reagent  on  the  reactivity  of  morpholine  with  acrylonitrile 
at  a  fixed  acetic  acid  to  morpholine  mole  ratio  of  0.5 : 1  and  at  a  fixed 
reaction  time  of  5  minutes  at  room  temperature.  From  this  curve  it  is 
apparent  that  a  reagent-reactant  mole  ratio  of  at  least  2.5 : 1  is  necessary 
to  obtain  quantitative  reaction  in  the  shortest  length  of  time.  To  provide  a 
reasonable  amount  of  reaction  medium  and  a  margin  of  safety,  a  mole 
ratio  of  5  :  1  is  used. 

effect  of  tertiary  amine  strength.  The  potentiometric  titration  curves 
in  Fig.  7.24  indicate  that  the  sharpness  of  the  equivalence  point  is 
appreciably  affected  by  the  nature  of  the  tertiary  amine  formed  in  this 
reaction.  The  effect  is  particularly  accentuated  in  the  case  of  the  reaction 
product  of  morpholine  with  maleic  and  fumaric  esters.  As  shown  in  curve 


Fig.  7.23.  Effect  of  mole  ratio  on  reaction  of  morpholine 
with  acrylonitrile. 
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Fig.  7.24.  Potentiometric  titration  curves  of  tertiary  amines  formed 
from  reaction  of  morpholine  a,j3-unsaturated  compounds:  1,  acryloni¬ 
trile;  2,  methyl  methacrylate;  3,  acrylic  acid;  4,  diethyl  maleate. 


4,  this  amine  is  too  weak  to  be  determined  by  either  indicator  or 
potentiometric  methods.  The  decreased  basicity  of  these  amines  can  be 
attributed  to  the  fact  that  the  tertiary  nitrogen  is  alpha  to  a  stronc 
electron-attracting  group.  Although  an  acidic  solvent,  such  as  glacial 
acetic  acid,  enhances  the  basicity  of  these  amines,  it  also  enhances  the 
basicity  of  amides  to  the  extent  that  they  interfere  in  the  titration.  These 
weak  tertiary  amines  can  be  determined,  however,  by  employing  a 
conductometric  titration  procedure.  Figure  7.25  shows  the  titration  of  the 
amines  formed  by  the  reaction  of  morpholine  with  diethylfumarate  and 
di(.-ethylhexyl)  maleate.  This  method  of  end  point  determination  can  be 
employed  here,  because  straight  lines  are  obtained  on  each  side  of  the 
equivalence  point.  In  the  selection  of  the  end  point  only  these  lines  are 
considered,  and  the  points  in  the  vicinity  of  the  end  point  are  ignored 
ith  this  procedure  it  is  necessary  to  use  a  smaller  sample  size  so  that 
the  net  titration  does  not  exceed  20  ml  of  titrant.  Because  a  separate 
curve  must  be  plotted  for  each  determination,  this  method  is  not  readily 
aptable  to  routine  determinations.  In  the  hands  of  an  experienced 
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Fig.  7.25.  Conductometric  titration  curves  of  tertiary 
amines  formed  from  reaction  of  morpholine  with 
diethyl  fumerate  and  di(2-ethylhexyl)  maleate:  1, 
diethyl  fumerate;  2,  di(2-ethylhexyl)  maleate. 

operator,  however,  results  within  ±0.2%  have  been  obtained  in  the 
determination  of  the  purity  of  maleic  and  fumaric  esters. 


INTERFERENCES 

Because  this  method  is  based  on  a  nonaqueous  titration  of  the  tertiary 
amine  formed  in  the  reaction,  it  is  subject  to  interference  from  acid  and 
basic  constituents  present  in  the  sample.  Acids  with  ionization  constants 
in  water  greater  than  2x  10~2,  tertiary  amines,  and  inorganic  bases  titr 
nuantitatfvely  under  these  conditions  and  a  correction  may  be  applied 
C5*  react  quantitatively  .ith  *.«•- 

liberate  halogen  acids  and  therefore  cannot  be  tolerate  . 
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Most  compounds  with  unsaturation  not  conjugated  to  a  strong 
electron-attracting  group  (isolated  unsaturation)  and  most  a,  p- 
unsaturated  compounds  substituted  in  both  the  a  and  0  positions  do  not 

r0  act 

There  is  another  reaction  system  specifically  for  acetylenic  compounds. 
This  reaction  system  makes  possible  the  determination  of  acetylenic 
compounds  in  the  presence  of  ethylenic  compounds.  It  involves  the 
reaction  of  acetylenic  compounds  and  water  or  alcohols  in  the  presence  of 
mercury  catalyst  to  form  the  corresponding  ketone,  in  the  case  of  water, 
or  ketal,  in  the  case  of  alcohol.  The  reactions  are  shown  in  the  method 
described  below. 


Acetylenic  Unsaturation 

The  methods  involving  bromination,  iodine  number,  and  hydrogenation 
can  be  applied  to  acetylene  compounds  as  well  as  to  ethylenic  com¬ 
pounds,  except  that  2  moles  of  reagent  is  added.  For  the  halogen  reaction 
systems,  the  second  mole  adds  much  more  slowly  than  the  first  and 
occasionally  adds  slowly  enough  to  cause  difficulty  in  analysis.  This 
behavior  results  from  the  halogen  atoms  being  relatively  large,  and  once 
one  mole  of  halogen  has  added  to  a  triple  bond,  the  added  halogen  atoms 
sterically  hinder  the  addition  of  further  halogens  to  the  remaining  double 
bond.  Hence  in  using  the  halogenation  methods  for  determining 
acetylenic  compounds,  the  reaction  time  factor  should  be  considered. 

There  is  also  a  slower  rate  of  reaction  of  the  second  mole  of  hydrogen 
in  the  hydrogenation  methods.  However  the  difference  in  rate  between 
the  addition  of  the  first  and  second  moles  of  hydrogen  in  the  methods 
described  previously  is  so  small  that  it  causes  no  problems  in  obtaining 
complete  saturation.  But  now  it  has  been  shown  that  under  the  influence 
of  a  special  catalyst,  zinc-deactivated  palladium-calcium  carbonate,  hy¬ 
drogenation  stops  after  the  addition  of  the  first  mole  of  hydrogen  in  many 
cases.  This  is  the  basis  for  a  quantitative  method  for  the  selective 
hydrogenation  of  acetylenic  bonds. 


Hydration  Method  of  S.  Siggia,  C.  R.  Stahl,  and  R.  Reinhardt 

[ Reprinted  in  Part  from  Anal.  Chem.,  28 ,  1481-3  (7956)] 

Wagner  Goldstein,  and  Peters  (55)  describe  a  method  for  determining 

“n3"d  dmlkyl  aeety'enes  of  four  or  five  carbon  atoms  by  reaction 
agner,  T.  Goldstein,  and  E.  D.  Peters,  Anal.  Chem.,  19,  103-5  (1947). 
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with  methanol,  using  mercuric  oxide  and  boron  trifluoride  as  catalyst.  The 
acetylenic 'compound  is  thus  converted  to  the  ketal.  The  ketal  is  distilled 
into  hydroxylamine  hydrochloride  reagent,  which  hydrolyzes  the  ketals  to 
the  ketones  and  then  forms  the  oxime  of  the  ketone.  The  reactions  used 
in  this  method  are  as  follows: 


RC=CR'  +  2MeOH  RC(OMe).2CH„R' 

bf3 

O 


RC(OMe)2CH2R'  +  H20  ->  RCCH,R'  +  2MeOH 


NOH 


O 


RCCH2R'  +  NH2OHHCl— RCCH2R'  +  h2o  +  HC1 


The  hydrochloric  acid  formed  in  the  last  reaction  is  titrated,  and  the 
amount  of  acetylenic  compound  present  in  the  sample  is  calculated  from 
this  value.  The  results  obtained  by  this  method  are  about  92%  of  the 
theoretical  values.  This  procedure  could  not  be  used  for  the  acetylenic 
compounds  under  investigation  because  of  the  high  boiling  points  of  the 
acetals  formed,  which  made  distillation  impossible,  the  instability  of  the 
acetals,  which  resulted  in  decompositon  at  the  distillation  temperatures, 
or  the  low  accuracy  inherent  in  the  method.  No  distillation  is  required  in 
the  procedure  described  below. 

Koulkes  (56)  used  the  reaction  between  the  acetylenic  triple  bond  and 
mercuric  acetate  to  determine  several  disubstituted  acetylenic  com¬ 
pounds.  The  mercuric  acetate  presumably  adds  onto  the  triple  bond,  and 
the  excess  of  the  acetate  is  determined  by  addition  of  sodium  chloride  and 
titration  of  the  acetic  acid  liberated.  This  approach  is  fast,  but  impurities 
that  react  with  mercuric  acetate  interfere:  ethylenic  compounds,  some  of 
which  also  add  mercuric  acetate,  and  inorganic  and  some  organic  halides, 
which  complex  with  the  mercuric  ion.  Some  organic  compounds  such  as 


carboxylates  and  sulfonates,  form  precipitates,  and  others  are  readily 

•  • 


oxidized  by  the  mercuric  ion. 


In  the  procedure  described,  the  hydration  reaction  is  used,  with  a 
mercuric  catalyst  in  a  strongly  acidic  medium,  and  the  ketone 


O 


formed  is  a  measure  ot  tne  aceiyiemc  ma 
to  less  interference  than  the  mercuric  ace 

56.  M.  Koulkes,  Bull.  Soc.  Chim.  Fr.,  1953,  402-4. 
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hydration  will  proceed  if  a  portion  of  the  catalyst  is  consumed  by  other 
components.  The  accuracy  of  this  system  is,  in  general  100  ±2  k,  and  a 
variety  of  acetylenic  compounds  are  determinable  (Table  33). 

Table  Determination  of  Acetylenic  Compounds 


Reflux  Time,  min. 


Compound 
Butynediol0 


Other 

Method 


15 

30 

30 

30 

30 

30 

30 

45 

60 

120 


15 

30 

30 

30 

45 

45 

45 

60 

60 

60 


0.01398 

0.01398 

0.01398 

0.00702 

0.01404 

0.01404 

0.00702 

0.01271 

0.01398 

0.01398 


0.01339 

0.01391 

0.01381 

0.00682 

0.01415 

0.01422 

0.00700 

0.01277 

0.01395 

0.01388 


95.8 
99.5 

98.8 

97.2 
100.8 
101.3 

99.7 
100.5 

99.8 

99.3 


2-Propyne-l-olb 

30 

/ 18  hr.  at  room) 
1  temp.  1 

30 

30 

30 

(30-min.  reflux  + 
18  hr.  at  room 

30 

l  temp. 

60 

30 

60 

l-Butyne-3-olb 

60 

60 

% 

60 

60 

3-Butyne-l-olb 

30 

30 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

Ethynylcyclohexanol0 

30 

30 

60 

60 

60 

60 

Phenylacetylenec 

60 

_ / 

60 

_ / 

1-Hexynec 

75 

60 

90 

60 

3-Hexynec 

75 ® 

60 

IS 

60 

3-Octynec 

90® 

60 

150 

60 

3-Octyne-l-olc 

90® 

60 

150 

60 

0.01551 

0.01473 

95.0 

99.0  ±  1 

A 

0.01551 

0.01387 

89.4 

— 

— — 

0.01551 

0.01526 

98.4 

— 

— 

0.01551 

0.01517 

97.8 

— 

— 

0.01551 

0.01512 

97.5 

— 

— 

0.01321 

0.01125 

85.2 

84.1  ±  1 

B 

0.00881 

0.00732 

83.1 

— 

— 

0.01477 

0.01317 

89.2 

93.8  ±  1 

B 

0.01507 

0.01376 

91.3 

— 

— 

0.01507 

0.01414 

93.8 

— 

— 

0.01484 

0.01355 

91.3 

— 

— 

0.01507 

0.01364 

90.5 

— 

— 

0.01507 

0.01402 

93.0 

— 

— 

0.01381 

0.01280 

92.7 

_ d 

_ 

0.00810 

0.00781 

96.4 

— 

— 

0.00810 

0.00793 

97.9 

— 

— 

0.0001985 

0.0001915 

96.5 

97.2  ±  1 

B 

0.0005958 

0.0005744 

96.4 

— 

— 

0.01223 

0.01088 

89.0 

89.1  ±  1 

C 

— 

0.01083 

88.6 

— 

— 

0.01384 

0.01235 

89.2 

91.5  ±  1 

c 

— 

0.01263 

91.3 

— 

— 

0.00936 

0.00875 

93.5 

93.0  ±  1 

D 

— 

0.00868 

92.7 

— 

— 

0.00806 

0.00678 

84.1 

87.5  ±  1 

C 

— 

0.00675 

83.7 

— 

A.  Acetylation  method  (for  alcohols)  (57);  see  pp  12-14. 

B.  Acetylenic  hydrogen  method  (58);  see  pp.  508-509. 

C  Bromination  method  (59);  see  pp.  383-387. 

D.  Hydrogenation  method  (60);  see  pp.  406-413. 
b  Recrystallized  from  ethyl  acetate. 

c  Laboratory  samples  distilled  once  through  helix-packed  column. 
d  Analyzed  as  purchased  from  Farchan  Research  Laboratory. 

,  Could  not  be  determined  by  method  A,  B,  C.  or  D. 
f  Analyzed  as  purchased  from  Eastman  Kodak. 

Dinitrophenylhydrazine  method  used  because  acetophenone  could  not  be  measured 
20  ml  extra  methanol  used  in  hydration  step  because  of  insolubility  of  compounds 


by  oximation  method. 


57.  C.  L.  Ogg,  W.  L.  Porter,  and  C.  O.  Willits,  Anal.  Chem.,  17,  394  (1945). 

58.  S.  Siggia  and  J.  G.  Hanna,  Anal.  Chem.,  21,  1469  (1949). 

ao  xi/L^CaS,fnd  D‘  Pressman’  Ind •  Chem.,  Anal.  Ed.,  10,  140-2  (1938). 

60.  C.  W.  Gould  and  H.  J.  Drake,  Anal.  Chem.,  23,  1157  (1951). 
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Acidic  or  alkaline  impurities  in  the  sample  do  not  interfere,  since  the 
system  is  neutralized  prior  to  oximation.  Ethylenic  unsaturated  com¬ 
pounds  do  not  interfere  because  they  do  not  form  carbonyl  compounds 
under  the  conditions  of  the  reaction.  The  only  interferences  that  can  be 
envisioned  are  from  carbonyl  compounds  or  carbonyl-forming  com¬ 
pounds  such  as  acetals  or  vinyl  ethers.  However  these  can  be  determined 
by  running  the  oximation  analysis  alone  on  a  sample  without  first  running 
the  hydration;  this  should  yield  just  the  carbonyl  compound.  The  hydra¬ 
tion  analysis  should  then  yield  the  total  of  carbonyl  compound  and 
acetylenic  compound;  the  acetylenic  component  can  then  be  determined 
by  subtraction.  Some  aldehydes  are  not  stable  (oxidize)  with  mercuric  ion, 
and  samples  containing  large  amounts  of  aldehydes  or  acetals  should  be 
examined  thoroughly  to  make  sure  that  the  corrections  applied  are  valid. 

A  potentiometric  titration  is  used  to  measure  the  hydrochloric  acid 
liberated  in  the  oximation  step.  The  end  points  are  not  sharp,  but,  in 
general,  the  precision  is  within  ±2%  and  sometimes  within  ±1%. 

Acetylenic  compounds  with  substituents  on  the  carbons  adjacent  to  the 
acetylenic  linkage 


(RiCHfeCCHRJ 
R,  R4 


do  not  hydrate  rapidly,  owing  to  the  hindrance  caused  by  substituents.  An 
analysis 

OH  OH 

c2h5c— c=c— cc2h5 
ch3  ch:5 


was  attempted  by  this  method,  but  conversions  of  only  about  50%  were 
obtained  under  the  conditions  described;  70%  conversions  were  obtained 
when  the  hydration  time  was  doubled.  Unfortunately,  not  enough  com¬ 
pounds  could  be  obtained  with  substituents  adjacent  to  the  acetylenic 
linkage  to  permit  comparison  of  the  rates  of  hydration  with  the  type  of 


substituent.  .  ,  (  ^ 

Attempts  were  made  to  analyze  acetylenic  bromine  compounds  of  the 

type  RC=CCH,Br  The  bromine  atoms  on  these  compounds  are  so 

labile  however,  'that  they  are  removed  by  the  mercuric  catalyst  to  form 

the  mercuric  bromine  complex,  and  the  catalytic  action  of  the  mercuric 

ion  is  much  decreased;  this  type  of  compound  cannot  be  determined  by 


Unsaturation 


471 


this  method.  The  chloride  compounds  of  the  same  structure  will  proba  y 
behave  in  the  same  manner,  but  this  has  not  been  tested. 

For  phenylacetylene,  the  ketone  formed  on  hydration  is  acetophenone. 
This  ketone  is  one  of  the  very  few  that  cannot  be  determined  by 
oximation  in  an  aqueous  or  partially  aqueous  medium,  because  of  the 
equilibrium  that  is  present  in  the  oximation  system.  Water  is  a  product  of 
the  oximation  reaction,  and  an  aqueous  system  keeps  the  reaction  from 
going  to  completion.  For  phenylacetylene,  after  hydration  any  excess 
mercuric  ion  is  removed  by  bubbling  hydrogen  sulfide  through  the  solu¬ 
tion  and  filtering  off  the  mercuric  sulfide.  Then  the  acetophenone  in  the 
solution  is  determined  by  the  2,4-dinitrophenylhydrazine  method  of 
Iddles  and  Jackson  (61)  (see  p.  114).  The  same  technique  should  be 
applicable  to  other  acetylenic  compounds  yielding  ketones  that  are  not 
readily  determined  by  oximation.  This  technique  is  applicable  to  samples 
containing  small  amounts  of  acetylenic  compounds,  since  the  2,4- 
dinitrophenylhydrazine  method  requires  only  4x  10-4  mole  of  ketone  for 
optimum  operating  conditions.  This  precipitation  approach  is  less  applica¬ 
ble  to  the  hydroxyacetylenic  compounds  because  of  the  solubilizing  effect 
of  the  hydroxyl  groups. 

Before  the  2,4-dinitrophenylhydrazine  approach  was  tried  on  the 
acetylenic  compounds,  blanks  were  run,  in  which  all  the  steps  were 
included.  This  was  to  make  sure  that  no  extraneous  precipitate  formed  on 
addition  of  the  hydrazine,  which  would  affect  the  results.  Known  samples 
of  acetophenone  were  run  through  the  entire  procedure  to  establish  the 
conditions  for  complete  recovery  of  the  ketone.  Then  the  acetylenic 
compounds  were  used. 

REAGENTS 

Hydroxylamine  hydrochloride  (0.5 N),  in  1  : 1  methanol-water. 

The  catalyst  is  made  from  0.5  gram  of  mercuric  sulfate,  2  ml  of  sulfuric  acid, 
and  63.4  ml  of  water. 

alcoholic  sodium  hydroxide,  1.0N.  Dissolve  sodium  hydroxide  in  as  little 
water  as  possible.  Filter  off  the  sodium  carbonate,  and  dilute  the  solution  with 
methanol  to  the  desired  volume.  This  solution  need  not  be  standardized. 

Aqueous  sodium  hydroxide,  0.5 N  (standard). 


APPARATUS 


Glass  and  calomel  electrodes,  with  a  Model  H-2  Beckman  pH  meter. 
61.  H.  A.  Iddles  and  C.  E.  Jackson,  Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  454  (1934). 
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Quantitative  Organic  Analysis 


PROCEDURE 

Dissolve  a  sample  containing  0.05  to  0.20  mole  of  acetylenic  compound 
in  methanol  and  dilute  to  100  ml  in  a  volumetric  flask;  use  10-ml  aliquots 
for  the  determinations.  Add  10  ml  of  sample  solution  to  20  ml  of  catalyst 
in  a  200-ml  three-necked  flask  connected  to  a  reflux  condenser.  Insert 
glass  stoppers  in  the  two  unused  necks  of  the  flask.  Reflux  the  mixture  for 
1  hour  and  then  cool  in  ice  with  the  condenser  still  attached.  After 
cooling  the  condenser,  wash  it  with  10  ml  of  1:1  methanol-water  and 
drain.  Disconnect  the  flask  from  the  condenser  and  insert  glass-calomel 
electrodes  into  the  flask  through  the  two  side  necks.  Just  neutralize  the 
acid  (pH  7)  with  1.0N  alcoholic  sodium  hydroxide. 

Add  50  ml  of  hydroxylamine  hydrochloride,  reflux  the  mixture  for  1 
hour,  and  cool  in  ice;  wash  the  condenser  with  equal  parts  of  methanol 
and  water.  Transfer  the  mixture  to  a  400-ml  beaker,  using  50  ml  of  1:1 
methanol-water  to  wash  the  flask.  Leave  as  much  of  the  solid  residue  as 
possible  in  the  flask  during  transfer. 

Titrate  the  liberated  hydrochloric  acid  potentiometrically  with  standard 
0.5 N  sodium  hydroxide,  using  the  glass  and  calomel  electrodes.  Deter¬ 
mine  the  end  point  from  a  plot  of  milliliters  of  reagent  versus  pH. 

If  carbonyl  compounds  are  present  in  the  sample,  they  should  be 
determined  using  the  hydroxylamine  hydrochloride  analysis  (see  discus¬ 
sion  above). 

2,4-DINITROPHENYLHYDRAZONE  METHOD 
REAGENTS 

Catalyst  as  described. 

A  saturated  solution  of  2,4-dinitrophenylhydrazine  at  0°C  in  2 N  hydrochloric 
acid. 


PROCEDURE 

Dissolve  a  sample  in  methanol  and  dilute  to  100  ml,  so  that  a  10-ml 
aliquot  contains  approximately  4xl0‘4  mole.  Add  10ml  of  sample  to 
20  ml  of  mercuric  sulfate-sulfuric  acid  catalyst  and  reflux  for  1  hour  in  a 
three-necked  flask  with  glass  stoppers  in  the  two  unused  necks.  After  t  e 
hydration  reaction  period,  cool  the  flask  in  ice  with  the  con  enser 
attached,  and  wash  the  condenser  with  10  ml  of  1:1  methanol-water.  At 
this  point  there  is  a  white  precipitate  in  the  flask,  which  does  not  appear 

to  affect  the  results. 
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With  the  condenser  still  in  position,  pass  hydrogen  sulfide  into  the  solu¬ 
tion  to  precipitate  mercury  as  the  sulfide.  When  this ;  react. or ms  complete 
(5-10  minutes),  filter  off  the  sulfide  through  a  Whatman  No.  30  filter 
paper  and  wash  the  flask  and  paper  with  a  1 : 1  solution  of  methanol- 

To  the  filtrate  add  50  ml  of  2,4-dinitrophenylhydrazine  solution,  and 
allow  the  mixture  to  stand  for  30  to  60  minutes.  Warm  the  resulting 
solution  on  a  hot  plate,  stirring  constantly  to  coagulate  the  precipitate. 
When  the  supernatant  liquid  is  clear,  filter  off  the  precipitate  through  a 
Gooch  crucible  with  an  asbestos  mat,  wash  with  water,  dry  at  100°C,  and 
weigh.  If  the  resultant  hydrazone  exhibits  a  significant  solubility  with  the 
alcohol  present  (this  must  be  predetermined),  boil  the  solution  for  a  few 
minutes  to  remove  as  much  alcohol  as  possible  before  filtration. 
Acetylenic  compounds  containing  hydroxyl  groups  usually  cannot  be 
determined  by  this  method,  because  of  the  solubilizing  effects  of  these 
groups. 


TRACE  AMOUNT  OF  ACETYLENES 

The  preceding  method  has  been  extended  to  the  5-  to  500-ppm  range 
for  C4-C5  acetylenes  in  hydrocarbons  by  a  spectrophotometric  measure¬ 
ment  of  the  2,4-dinitrophenylhydrazones  of  the  carbonyl  hydration  pro¬ 
ducts. 


Method  of  M.  W.  Scoggins  and  H.  A.  Price 

[Anal.  Chem.,  35,  48  (1963)] 


REAGENTS  AND  APPARATUS 

The  catalyst  is  30  grams  of  mercuric  sulfate  dissolved  in  630  ml  of  water 
containing  20  ml  of  sulfuric  acid. 

The  2,4-dinitrophenylhydrazine  reagent  was  a  saturated  solution  in  3M  sulfuric 
acid. 

Measurements  were  made  in  1-cm  cell  with  a  Beckman  DU  spectrophotometer. 


PROCEDURE 

Dilute  a  quantity  of  sample  containing  not  more  than  100  a g  of 
acetylenes  to  10  ml  with  spectrograde  cyclohexane  in  a  40-ml  screw-cap 
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vial  equipped  with  a  polyethylene  gasket  in  the  cap.  Make  a  blank 
determination  simultaneously  with  10  ml  of  cyclohexane.  Add  10  ml  of 
catalyst  solution  and  allow  the  solutions  to  react  for  1  hour  at  room 
temperature,  with  continuous  mixing. 

Add  approximately  0.5  gram  of  sodium  chloride  to  remove  the  mer¬ 
curic  ion  from  the  solution  as  the  slightly  ionized  mercuric  chloride.  A 
white  precipitate  appears  at  this  point  if  the  sample  contains  an  appreci¬ 
able  amount  of  olefins.  If  the  precipitate  is  not  removed,  results  will  be 
low.  Remove  the  precipitate  as  follows: 

Centrifuge  the  vials  until  the  solid  mass  settles  to  the  bottom  of  the 
vial.  Carefully  withdraw  5  ml  of  each  of  the  two  phases  and  transfer  them 
to  another  vial.  Add  5  ml  of  cyclohexane  to  bring  the  organic  phase  back 
to  its  original  volume.  Proceed  now  as  if  the  solid  phase  had  not  formed. 


Table  34.  Total  Acetylene  by  Hydration 

Acetylene 


Compound" 


Butyne-2 


Butyne-2  1 
Pentyne-lJ 
Average 


Added,  Found,  Recovery, 

ppm  ppm  % 


4.4 

4.1, 

3.9, 

4.1 

91.0 

6.4 

6.2, 

6.2, 

6.0 

98.4 

22.1 

23.8, 

20.5, 

22.6 

100.8 

66.0 

67.0, 

68.0, 

67.0 

101.8 

132 

120, 

114, 

116 

88.8 

502 

475, 

500, 

475 

96.2 

96.1 


"  The  solvent  in  all  cases  was  cyclohexane. 

Table  35.  Effects  of  Aromatics  and  Olefins 

Acetylene,  ppm 


Found, 


Compound 

Solvent 

Added 

Average" 

Range 

Butyne-2 

Cyclohexane,  hexene- 1 

26.5 

25.8 

1.5 

Butyne-2  1 

-  Cyclohexane,  hexene- 1 

26.5 

27.0 

0.0 

Pentyne-2J 

Butyne-2 

Cyclohexane,  benzene 

13.0 

12.3 

1.1 

a  Average  of  at  least  three  determinations. 
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Add  10  ml  of  2,4-dinitrophenylhydrazine  reagent  solution  and  allow 
the  reaction  to  proceed  for  30  minutes  at  room  temperature  with  continu¬ 
ous  mixing.  Allow  the  two  phases  to  separate,  and  withdraw  portions  of 
the  cyclohexane  phase  of  the  sample  and  blank.  Measure  the  absorbance 
of  the  sample  versus  the  blank  in  1-cm  cells  at  340  nm.  Determine  the 
acetylene  concentration  from  a  previously  prepared  calibration  curve. 
calibration  curve.  Prepare  a  solution  of  methyl  ethyl  ketone  in  cy¬ 
clohexane  to  contain  10  /xg  of  ketone  per  milliliter  of  solution.  Transfer 
aliquots  of  the  solution  to  40-ml  screw-cap  vials  and  dilute  to  10  ml.  Add 
10  ml  of  the  dinitrophenylhydrazine  reagent  solution  and  continue  as 
outlined  in  the  procedure  above.  Plot  absorbance  versus  the  correspond¬ 
ing  carbonyl  concentrations.  In  using  the  curve,  obtain  the  acetylene 
concentration  from  the  carbonyl  concentration  by  multiplying  by  the 
proper  molecular  weight  ratios. 


DISCUSSION  AND  RESULTS 

Recovery  results  are  summarized  in  Table  34. 

Results  in  Table  35  show  the  effect  of  aromatics  and  olefins  on  the 
method.  Olefins  in  concentrations  up  to  5%  do  not  interfere  if  the  solid 
olefin-mercuric  chloride  complex  is  removed  from  the  solution  by  with¬ 
drawing  an  aliquot  of  each  phase  after  the  addition  of  sodium  chloride 
and  centrifugation.  When  this  step  was  omitted,  the  olefin-acetylene 
blends  of  Table  35  were  low  by  about  13  ppm.  An  aliquot  of  both  phases 
is  required  because  carbonyls  containing  less  than  five  carbon  atoms  are 
almost  completely  miscible  with  aqueous  solutions.  Benzene  in  concentra¬ 
tions  up  to  10%  does  not  interfere  seriously.  Isoprene  interferes  because 

it  yields  a  yellow  precipitate  with  the  mercuric  reagent  that  is  soluble  in 
cyclohexane. 

SELECTIVE  HYDROGENATION 

From  the  Method  of  W.  Merz  and  K.  Muller 

[Z.  Anal.  Chem.,  237,  264  (1968)] 


apparatus 


One  of  the  arrangements  for  the 
(pp.  402-406)  is  suitable. 


hydrogenation  methods  described 


previously 


Table  36.  Hydrogenation  of  Acetylene  Derivatives  with  Zinc-Deactivated  Palladium- 

Calcium  Carbonate  Catalyst 

Solvent 


Compound 

Water 

Aqueous 

Ammonia 

Aqueous 

Ethanol 

amine 

Aqueous 

Potassium 

Hydroxide 

Acetic 

Acid 

Phenylacetylene 

— 

— 

— 

1.0 

2.0 

Propargyl  alcohol 

1.1,  1.0 

1.2 

1.2 

1.0 

2.0 

3-Methyl- l-butyn-3-ol 

1.0,  1.0, 
0.9 

1.0 

1.0 

1.0 

2.0,  2.1, 
1.9 

3-Methyl-l-pentyn-3-ol 

1.0,  0.9, 
0.9 

1.1 

1.0 

1.0 

2.0 

4-Ethyl- 1  -octyn-3-ol 

1.1 

1.0 

1.0 

1.0 

2.0 

1-Ethynylcyclohexanol 

1.0,  1.0 

1.0 

0.9 

1.0 

2.0,  2.0 

2-Methyl- 1  -ethynyl 
cyclohexanol 

1.0,  1.0 
0.9 

1.0 

1.0 

1.0 

2.0,  2.0, 
1.9 

2-Butyn-l,4-diol 

1.9,  1.0, 
1.0 

1.0,  1.0, 
1.0 

1.0 

1.0 

2.0,  2.0 

2-Methyl-3-pentyn- 

2,5-diol 

1.0 

1.0 

1.0 

1.0 

2.0 

Dehydronerolidol 

1.0,  1.0, 
1.0 

1.2 

1.1 

1.0 

2.0 

Ethynylionol 

1.1,  1.0 

0.9,  1.0 

1.0 

1.1 

2.0,  2.0, 
1.9 

Dehydroisophytol 

1.1,  1.0 

1.9 

0.9 

1.0 

2.2,  2.0, 
2.0 

Table  37.  Hydrogenation  of  Compounds  Containing  C — C,  C— O,  and  C— N  Groups  with 
Zinc-Deactivated  Palladium-Calcium  Carbonate  Catalyst 

Solvent 


Compound 

Styrol 

Cyclohexa- 1 ,3-diene 

2-Butene-l,4-diol 

Cinnamic  acid 

Methyl  acrylate 

Acrylamide 

Cyclohexanone 

Acrylonitrile 

Acetonitrile 

Adiponitrile 


Water 


0 

0 

0 


0 


Aqueous  Aqueous 
Aqueous  Ethanol  Potassium  Acetic 
Ammonia  amine  Hydroxide  Acid 


0 


1.0 

0 

1.0 


0 


1.0 


0 

0 

0 

1.0 


1.0 


1.0 
0.6 

1.0,  1.0 

1.0,  1.0 


0 

1.0 

0 

0 
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ZINC-DEACTIVATED  PALLADIUM-CALCIUM  CARBONATE  CATALYST.  Stir  a 

palladium-calcium  carbonate  catalyst  with  aqueous  zinc  acetate  solution  and  boil 
for  1  to  2  hours.  Filter  the  catalyst  and  boil  with  water.  Again  filter  the  catalyst, 
wash  with  water,  and  dry.  The  catalyst  should  contain  0.6  to  0.7  /o  palladium  and 
about  9%  zinc. 

solvents.  Water;  aqueous  ammonia  (5 /lx g  per  milliliter);  aqueous  ethanolamine 
(20  jtxg  per  milliliter);  aqueous  potassium  hydroxide  (16.5  p,g  per  milliliter). 


PROCEDURE 

Use  20  to  25  mg  of  catalyst  for  about  5-mg  samples  for  microhydroge¬ 
nation  and  about  200  ml  catalyst  for  50  to  100-mg  samples  for  macrohy¬ 
drogenation. 


RESULTS  AND  DISCUSSION 

Experimental  results  obtained  by  Merz  and  Muller  expressed  as  moles 
of  used  hydrogen  per  mole  of  acetylenic  bonds  are  given  in  Table  36. 
Results  for  the  method  on  some  olefinic  compounds,  nitriles;  and  a  ketone 
to  indicate  selectivity  appear  in  Table  37. 

With  water  as  the  solvent,  acetylenic  bonds  accept  one  mole  of  hy¬ 
drogen.  The  addition  of  traces  of  alkaline  substances  significantly  increases 
the  rate  of  hydrogenation.  Two  moles  of  hydrogen  is  added  in  acetic  acid 
solvent.  The  carbon-to-nitrogen  triple  bond  was  not  hydrogenated,  as 
shown  by  the  examples  of  acetonitrile  and  adiponitrile.  Some  double 
bonds  sufficiently  activated  by  adjacent  groups  such  as  those  in  acryloni¬ 
trile,  methyl  acrylate,  and  acrylamide,  are  hydrogenated  in  aqueous 
medium.  However  the  double  bonds  of  styrols,  butenediol,  and  cinnamic 
acid  were  not  hydrogenated.  The  CO  group  in  cyclohexanone  and  its  acid 
derivatives  likewise  were  not  hydrogenated. 


8 

Active  Hydrogen 


An  active  hydrogen  atom  may  be  defined  as  a  hydrogen  atom  that  is 
attached  to  any  atom  except  a  carbon  atom.  Hence  alcohols,  amines,  and 
amides  (primary  and  secondary  only),  carboxylic  and  sulfonic  acids, 
mercaptans,  and  sulfonamides  (primary  and  secondary  only)  can  be 
considered  to  contain  active  hydrogens. 

Even  though  these  active  hydrogen  atoms  are  in  radically  different 
groupings,  they  have  one  set  of  reactions  in  common.  They  will  react  with 
Grignard  reagent  to  liberate  the  corresponding  hydrocarbon.  Methyl 


A— H  +  RMgX  A — MgX  +  RH 

Grignards  are  generally  used  for  analytical  purposes  so  that  the  hydrocar¬ 
bon  formed  is  methane,  which  is  easily  measured  gasometrically. 

Lithium  aluminum  hydride  also  is  used  for  measuring  active  hydrogens. 
In  this  case,  hydrogen  is  given  off  by  the  reaction  and  this  is  measured. 

4A — H  +  LiAlH4  ->  LiAlA4  +  4H2 


Diazomethane  also  reacts  with  active  hydrogens  liberating  nitrogen.  This 
reaction  has  never  achieved  much  utility  from  an  analytical  standpoint, 

A— H  +  CH2N2  ->  A— CH3  +  N2 


however,  so  it  is  not  discussed. 

Active  hydrogen  analysis  as  a  whole  has  lost  much  of  its  significance  in 
the  past  15  to  20  years,  since  many  of  the  functional  groups  of  which  the 
active  hydrogen  is  a  part  can  readily  be  determined  by  other  methods. 
These  other  methods  not  only  have  higher  specificity  but  are  generally 
easier  to  operate,  more  accurate,  and  more  precise.  For  example,  all  the 
functional  compounds  mentioned  in  the  first  paragraph  of  this  chapter  are 
better  and  more  easily  measured  by  the  methods  given  in  this  text  tor  the 
respective  groups  than  by  any  active  hydrogen  method 

The  active  hydrogen  methods  are  no  more  accurate  than  ±3/o,  hence 
can  be  considered  only  quantitative  estimations,  usuable  tor  determining 
the  number  of  active  hydrogens  per  molecule.  The  methods  lack  specifi 
ity  because  so  many  compounds,  including  water,  contain  active  hyd- 

rogen. 
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The  active  hydrogen  method  has  only  one  remaining  valuable  applica¬ 
tion.  This  is  the  determination  of  a  small  amount  of  active  hydrogen 
compound  in  the  presence  of  a  large  amount  of  nonactive  hydrogen 
components,  that  is,  traces  of  alcohol  in  hydrocarbons.  Since  the  analysis 
is  gasometric,  very  small  quantities  can  be  detected.  The  main  reason  for 
continuing  to  include  active  hydrogen  methods  in  this  book  is  their 
historical  significance.  They  enjoyed  a  high  degree  of  popularity  25  years 
ago. 

Grignard  Reagent  Approach 

The  use  of  Grignard  reagent  for  measuring  active  hydrogen  was  in¬ 
itiated  by  Tschugaeff  (1)  but  was  developed  into  a  firm  analytical  method 
by  Zerewitinoff  (2).  The  apparatus  used  to  measure  the  methane  evolved 
has  undergone  many  modifications.  The  one  shown  below  is  a  potpourri 
the  authors  have  derived  from  the  apparatus  described  in  the  literature.  It 
works  as  well  as  any  other  and  is  simpler  than  most.  The  controlling 
factor  in  this  analysis  is  not  the  apparatus  so  much  as  the  sensitivity  of  the 
reagents  used;  that  is,  water  and  even  most  stopcock  greases  will  react 
with  the  Grignard  and  other  reagents. 

The  Grignard  method  was  also  once  used  to  measure  functional  groups 
that  add  Grignard  reagent  as  well  as  to  measure  active  hydrogen. 

RCHO  +  CH3MgI  -*  RCHOMgl 

ch3 

o  OMgl 

RxCRo  +  CH3MgI  ->  R1CR2 

ch3 

RC=N  +  CH3MgI  ->  RC=NMgI 

ch3  . 

RNC  +  CH3Mgi  -*  RN=C — Mgl 

CHo 

o 

RC  +  2CH3MgI  ►  RC— OMgl 

X  ch3 

1.  L.  Tschugaeff,  Ber 35,  3912  (1902). 

2.  T.  Zerewilinoff,  Ber.,  40,  2023  (1907);  41,  2233  (1908). 
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°  ch3 

/  I 

RC  +  2CH3MgI  ->  RC — OMgl 

OR  CH3 

RCH2X  +  CH3MgI  RCH2CH3 

In  these  cases,  excess  Grignard  is  added  and  the  excess  is  decomposed 
with  aniline.  The  difference  between  the  methane  collected  from  the 
reagent  alone  and  from  the  reagent  after  reaction  with  the  sample  is  a 
measure  of  the  group  adding  the  Grignard.  Because  of  the  nonspecificity 
of  the  Grignard  reagent  and  the  cumbersomeness  of  the  method,  how¬ 
ever,  this  approach  is  not  recommended,  especially  in  light  of  the  rela¬ 
tively  simple,  accurate,  and  precise  existing  methods  to  measure  the  same 
functional  groups. 


Method  Described  by  Niederl  and  Niederl 

[ Adapted  with  Permission  from  Micromethods  of  Quantitative  Organic  Analyis, 
2nd  ed.,  Wiley,  New  York,  1942,  pp.  263-72.  The  apparatus  has  been  modified 
to  simplify  handling  and  to  increase  the  accuracy  of  the  method .] 


REAGENTS 


methylmagnesium  .odide,  0.4  TO  0.5 M.  In  a  250-ml  round-bottomed  distil¬ 
ling  flask,  equipped  with  an  inlet  tube  (sealed  in  about  an  inch  from  the  neck)  and 
a  ground-glass  joint  with  reflux  condenser  to  fit,  place  about  0.6  gram  o 
magnesium  turnings.  To  the  magnesium  turnings,  add  2.5  ml  of  methyl  iodide  and 
50  ml  of  freshly  distilled  tt-amyl  ether  (the  ether  should  be  distilled  from  and 
stored  over  metallic  sodium).  Pass  nitrogen  through  the  system  at  a  rate  of  about 
one  bubble  per  second  by  means  of  the  inlet  tube  on  the  reaction  flask.  The 

nitrogen  should  be  of  99.9%  purity  (Siefert  nitrogen). 

The  Grignard  reaction  is  started  by  dropping  a  crystal  of  iodine  into 
reaction  mixture  and  warming  on  a  water  bath.  Should  the  Grignard  reaction  s 
!il  to  stan  put  2  to  3  ml  of  absolute  diethyl  ether  in  a  small  test  tube  with  a  few 
magnesium  turnings,  and  add  2  to  3  drops  of  methyl  iodide.  The  reaction  starts 

Sr;  rsrz  skshks 

employed.  Prepare  the  reaction  ^rThis'reactKm’begins^mmediately.  Allow  it 

"»*. -  *  —  -  - 
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condenser,  and  boil  off  the  ethyl  ether  as  described  below.  This  method  of 
preparing  the  Grignard  reagent  is  seldom  needed,  however.  The  priming  of  the 
reaction  with  the  iodine  crystal  or  with  some  methylmagnesmm  iodide  in  ethyl 
ether  is  usually  enough  to  get  the  reaction  started. 

Once  the  reaction  is  started  in  amyl  ether,  allow  it  to  proceed  for  2  hours  while 
heating  gently  on  a  steam  bath  or  until  the  reaction  has  appreciably  subsided. 
Then  turn  off  the  steam,  and  stop  the  flow  of  water  in  the  condenser  and  the  flow 
of  nitrogen.  The  condenser  outlet  is  connected  by  means  of  a  rubber  tube  to  a 
vacuum  pump  or  an  efficient  aspirator  (both  equipped  with  dry  ice  traps  to  trap 
the  vapors  coming  over).  A  pinch  clamp  is  attached  to  the  rubber  tube  leading  to 
the  source  of  vacuum,  to  regulate  the  vacuum.  Turn  on  the  vacuum  and  slowly 
open  the  pinch  clamp,  causing  the  contents  of  the  flask  to  boil.  As  soon  as  the 
pinch  clamp  is  fully  opened,  resume  the  nitrogen  flow  at  a  rate  of  about  one 
bubble  per  second  for  about  15  minutes.  This  procedure  removes  any  unreacted 
methyl  iodide  and  any  ethyl  ether  that  may  have  been  added  to  initiate  the 
reaction.  Little  amyl  ether  is  lost  during  the  evaporation. 

After  the  evaporation,  carefully  remove  the  rubber  tube  from  the  condenser  to 
the  source  of  vacuum,  while  allowing  the  apparatus  to  fill  up  with  nitrogen.  Then 
decant  the  methylmagnesium  iodide  quickly  through  a  funnel  containing  a  glass 
wool  plug  into  a  long-stemmed  glass  ampoule  of  the  type  used  for  liquid  bromine, 
acetaldehyde,  acetyl  chloride,  and  so  on.  Seal  the  top  of  the  ampoule  with  a  soft 
rubber  stopper.  The  ideal  stopper  is  a  serum  cap  such  as  is  used  on  ampoules  of 
serum  and  certain  medicinals.  The  stopper  has  to  be  of  such  a  nature  that  a 
hypodermic  needle  can  be  inserted  through  it  easily.  The  reagent  should  be  about 
0.4  to  0.5  M.  The  strength  of  the  reagent  can  be  ascertained  by  adding  excess 
0.1N  hydrochloric  acid  to  a  5  ml  sample  of  reagent.  Titrate  the  excess  of  acid  with 
0.1N  sodium  hydroxide,  using  phenolphthalein  as  an  indicator. 


SOLVENTS 

Anethole,  pyridine,  and  xylene  have  been  found  to  be  convenient  solvents. 
They  should  be  redistilled  and  should  be  thoroughly  dry. 


APPARATUS 

In  the  apparatus  illustrated  in  Fig.  8.1,  A  is  a  reaction  vessel  of  about  10-ml 
capacity,  B  a  three-way  stopcock,  C  a  rubber  serum  cap,  D  a  2-mm  capillary  E  a 
7-ml  gas  buret,  F  a  three-way  stopcock,  and  G  a  thermometer. 


PROCEDURE 


Weigh  a  sample  containing  about  0.0001  to  0.00015  equivalent  of 
.c„.e  hydrogen  i„,o  ,he  region  ,e„el  A  ,„d  dissolve  1,  in TK  Toni 
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Fig.  8.1.  Active  hydrogen  apparatus. 

of  the  solvents  mentioned.  The  solvent  should  be  measured  with  a  pipet. 
Drop  a  glass-encased  iron  paddle  into  the  solution.  All  the  apparatus 
should  be  thoroughly  dry.  It  is  best  to  rinse  the  reaction  flask  with 
acetone  and  then  with  ethyl  ether  after  each  determination;  the  stopcock 
should  be  taken  out  of  the  apparatus  and  all  grease  removed  Then  dry  all 
the  parts  in  air  until  all  the  ether  has  evaporated  and  put  the  parts  in  an 
oven  at  130°C  for  at  least  15  minutes  before  the  next  experiment. 

After  the  sample  and  solvent  have  been  added  to  the  reaction  Has 
grease  the  top  edge  of  the  ground-glass  joint  and  join  the  reaction  flask  t 
fo  rest  of  the  apparatus;  the  top  edge  of  the  ground  join,  must  be 
comoTetely  sealed  by  the  grease.  The  stopcock  on  the  reaction  flask 
should  be  lubricated  with  a  minimum  of  grease.  There  shoul  e  n 
grease  ,n  the  bore  of  the  stopcock.  Pass  through  the  system  for  5  minutes 
She  nitrogen  that  has  been  bubbled  through  concentrated  sulfuric  acid. 
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-  Introduce  the  nitrogen  through  stopcock  F,  which  is  in  position  IF,  an 
keep  the  mercury  in  the  gas  buret  as  close  to  the  stopcock  as  possible. 
The  nitrogen  escapes  through  stopcock  B ,  which  is  in  position  IB.  While 
the  nitrogen  is  still  flowing,  slowly  lower  the  mercury  level  to  the 
beginning  of  the  calibrations  and  put  the  serum  cap  over  the  end  of  the 
exit  tube  on  the  reaction  flask  at  C.  Then  turn  stopcock  B  to  position  2 B, 


turn  stopcock  F  to  position  2 F,  and  discontinue  the  flow  of  nitrogen. 

Use  a  hypodermic  syringe  of  about  2-ml  capacity  with  a  wide  bore 
needle  to  introduce  the  Grignard  reagent.  Insert  the  needle  through  the 
serum  cap  on  the  ampoule  containing  the  Grignard  reagent  and  tilt  the 
ampoule  until  the  reagent  solution  comes  in  contact  with  the  needle.  Fill 
the  hypodermic  with  reagent;  then  invert  it,  thus  driving  the  air  out,  until 
reagent  comes  through  the  needle  tip.  With  the  mercury  levels  equalized 
and  the  initial  reading  recorded,  quickly  insert  the  needle  through  the 
serum  cap  at  C  on  the  reaction  flask  and  pass  the  needle  through  the  bore 
of  the  stopcock  into  the  body  of  the  flask.  Inject  reagent  to  the  amount  of 
0.5  to  1.0  ml  (or  an  amount  in  excess  of  the  theoretical  amount  required) 
into  the  solution.  Carefully  note  and  record  the  temperature  of  the 
apparatus  and  the  volume  of  reagent  added.  Withdraw  the  needle  care¬ 
fully,  and  as  soon  as  the  tip  is  past  stopcock  B,  turn  the  stopcock  to 
position  3B.  Lower  the  mercury  level,  and  immerse  the  reaction  flask  in 
boiling  water  for  15  minutes.  Then  remove  the  water  bath  and  attach  the 
magnetic  stirrer.  Stir  the  reaction  mixture  until  the  mercury  level  becomes 
constant.  Again  note  the  temperature  along  with  the  mercury  level 
reading. 

Make  a  blank  determination  on  the  solvent  used  for  the  analysis  to 
determine  how  much  methane  is  liberated  by  the  solvent.  Analyze  the 
blank  by  the  same  method  as  the  sample.  It  is  advisable  to  use  about  5  ml 
of  solvent.  Divide  the  result  by  5  to  get  the  blank  per  milliliter  of  solvent. 
If  the  number  of  groups  that  add  Grignard  reagent  is  to  be  found,  the 
strength  of  the  reagent  has  to  be  determined.  It  can  be  done  together  with 
the  blank.  Use  1  ml  of  solvent,  add  a  known  amount  of  reagent,  and 
determine  the  blank.  (For  accurate  work,  the  blank  should  not  be  greater 
than  0.4  ml  of  methane  per  milliliter  of  solvent.)  Inject  a  measured 
amount  of  aniline  (about  1  ml)  into  the  reaction  flask  in  the  same  manner 
as  the  reagent  (each  time  an  injection  of  fluid  is  made  into  the  reaction 
flask,  the  mercury  levels  should  be  equalized  to  prevent  leaks),  and  stir 
the  contents  until  the  mercury  level  becomes  constant.  The  methane 
liberated  by  the  solvent  plus  the  methane  liberated  by  the  aniline  corres¬ 
ponds  to  the  strength  of  the  Grignard  reagent. 

In  analyzing  a  sample  that  adds  Grignard  reagent,  add  the  reagent  to 
the  sample  and  determ, ne  the  active  hydrogen  as  described.  After  the 
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mercury  level  is  read,  decompose  the  excess  Grignard  reagent  with 
aniline  as  described.  After  the  level  of  the  mercury  has  become  constant, 
read  the  level  along  with  the  temperature. 

All  parts  of  the  apparatus  can  be  cleaned  of  precipitated  magnesium 
salts  by  using  dilute  hydrochloric  acid. 

For  accurate  work,  measure  the  volume  of  the  entire  apparatus  by 
filling  all  parts  of  the  apparatus  with  water  and  weighing  the  water  (see 
Hydrogenation,  p.  400).  This  is  to  correct  for  any  temperature  changes 
that  occur  between  buret  readings.  Any  temperature  changes  cause  errors 
in  volumes  because  of  expansion  or  contraction  of  the  gas  in  the  free 
space  in  the  apparatus.  After  each  buret  reading,  note  the  temperature.  If 
the  temperature  is  different  from  the  initial  buret  reading,  correct  the 
readings  to  the  temperature  of  the  initial  buret  reading  before  the 
calculations  are  carried  out.  (See  section  on  Hydrogenation,  p.  401,  for 
the  method  of  correcting  for  temperature  changes.) 


CALCULATIONS 

I  x  273  X  Mol,  wt.  of  compound  atoms  of  active  hydrogen 
(T  +  273)  x  22,400  x  Grams  of  sample  mole  of  sample 

K  x  273  x  Mol,  wt.  of  compound 

(T  +  273)  x  22,400  x  Grams  of  sample 

moles  of  Grignard  reagent  added  to  the  sample 

mole  of  sample 


where 


A  : 

B 

C 

D 

E 

F 

G 


volume  of  Grignard  reagent  added 
blank  on  the  solvent 
volume  of  aniline  added 
initial  buret  reading 

buret  reading  after  reaction  with  the  Grignard  reagent  (cor¬ 
rected  for  temperature  as  indicated  above) 
buret  reading  after  reaction  of  aniline  with  excess  Grignard 
reagent  (corrected  for  any  temperature  change) 

total  methane  that  would  be  evolved  by  the  amount  of 
Grignard  reagent  used,  as  calculated  from  the  strength  of  the 
Grignard  reagent  predetermined  as  described  above 
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T  =  temperature  of  the  experiment 
E-D=  volume  change  recorded  =  H 
H-B-A  =  volume  of  methane  liberated  by  active  hydrogen  =  / 
p_E_C=  volume  of  methane  evolved  by  the  excess  Grignard  reagent 
(reaction  with  aniline)  =  J 

G-J=  volume  of  methane  corresponding  to  reagent  added  onto  the 
sample  =  K 

The  foregoing  procedure  requires  some  practice  to  operate  successfully. 
There  are  several  sources  of  error.  All  pieces  of  the  apparatus  must  be 
thoroughly  dry  as  must  the  sample  and  the  solvent.  Oxygen  must  be 
excluded  from  the  apparatus.  Temperatures  should  be  observed  and 
corrections  applied  to  buret  readings,  since  a  degree  change  in  tempera¬ 
ture  causes  variation  of  about  0.08  ml  in  the  buret  reading;  and  if  4  ml  of 
methane  were  collected,  this  change  in  temperature  would  cause  a  2% 
error. 

The  Grignard  reagent  as  stored  for  this  procedure  is  stable  for  a  month 
or  more,  provided  the  stopper  is  .air-tight. 

The  following  compounds  were  used  to  test  this  procedure  for  deter¬ 
mining  active  hydrogen  and  for  determining  compounds  that  react  with 
Grignard  reagent:  aniline,  water,  acetophenone,  amyl  alcohol,  tert- 
butylphenol,  benzaldehyde,  and  salicylaldehyde. 


Modifications  by  J.  F.  Lees  and  R.  T.  Lobeck 

[Adapted  from  Analyst,  88,  782  (1963)] 

A  study  was  made  of  the  Grignard  reagent  method  to  find  modifica¬ 
tions  that  would  produce  more  accurate  and  precise  results. 

To  eliminate  completely  errors  due  to  solubility  of  methane,  the  ideal 
practice  would  be  to  use  pure  methane  as  the  inert  gas.  Both  the  reagent 
and  the  solvent  could  then  be  saturated  with  methane  before  the  reaction 
begins.  The  use  of  methane  in  this  manner  is  not  practical  in  some  cases, 
and  it  is  desirable  to  have  a  method  for  solubility  corrections  when 
nitrogen  is  used  as  the  inert  gas.  After  reaction,  because  of  the  methane 
generated,  there  is  a  decrease  in  the  partial  pressure  of  the  nitrogen  and 
some  of  the  dissolved  nitrogen  is  liberated  from  the  reaction  mixture. 

hese  solubility  effects  make  it  necessary  to  keep  constant  for  all  determi¬ 
nations  the  volume  of  solvent  for  the  sample,  the  volume  of  the  Grignard 
reagent  added,  and  the  volume  of  nitrogen  in  the  system. 
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Therefore  the  blank  value  that  is  the  increase  in  volume  observed  on 
mixing  solvent  and  Grignard  reagent  alone  is  the  sum  of  two  values:  (1) 
the  volume  of  methane  generated  by  traces  of  active  hydrogen,  if  any,  in 
the  solvent,  and  (2)  the  volume  of  vapor  produced  by  the  reaction 
mixture  in  the  presence  of  a  constant  volume  of  nitrogen.  After  reaction 
of  a  sample,  the  total  volume  of  the  system  increases,  and  there  is  a 
corresponding  increase  in  the  volume  of  vapor  produced  by  the  reaction 
mixture. 

The  volume  of  the  system  and  all  these  other  effects  are  temperature 
dependent,  and  the  temperature  of  the  system  must  be  accurately  control¬ 
led.  The  reaction  flask,  the  manometer,  and  the  gas  buret  in  this  study 
were  regulated  at  25  ±0.1°C  by  water  pumped  through  jackets  from  a 
constant-temperature  bath. 

An  equation  was  derived  that  related  the  true  volume  of  methane  to 
the  observed  volume,  the  blank  value,  and  the  correction  terms  for  the 
solubility  and  vapor  pressure  effects.  To  obtain  values  for  these  correction 
terms,  however,  the  coefficients  of  solubility  of  pure  methane  and  of 
nitrogen  in  the  reaction  mixture,  and  also  the  vapor  pressure  of  the 
reaction  mixture,  were  required.  Since  these  values  are  not  readily 
available,  the  equation  was  simplified  and  the  correction  values  were 
represented  by  a  single  term  Vc,  as  follows; 

Vt-(Vo-B)=Vc 


where  V,  is  the  true  volume  of  methane  generated  by  the  sample,  VD  is 
the  observed  volume  increase  after  the  reaction,  and  B  is  the  blank 

volume. 

For  a  known  weight  of  a  pure  standard  substance,  if  the  reaction  is 
assumed  to  be  stoichiometric,  V,  can  be  calculated;  from  the  value  V0-B 
obtained  experimentally,  the  corresponding  value  of  the  correction  Vc 
can  be  calculated  by  the  equation  given.  Thus  by  varying  the  weight  of 
standard  substance,  a  series  of  values  of  VG  -  B  and  Vc  can  be  obtained 
and  V„  —  B  can  be  plotted  against  Vc.  Then,  from  the  value  of  V0-B 
obtained  for  the  sample,  the  corresponding  correction  Vc  may  be  ob¬ 
tained  from  the  graph.  Then  V,  for  the  sample  is  given  by 

Vt  =  (V0-B)+Vc 

With  such  corrections  applied,  the  results  in  Table  1  were  obtained. 
The  accuracy  of  the  graphical  correction  procedure  is  ±1.5  h  ot  the 
theoretical  value.  It  is  possible  to  determine  hydroxyl  percentages  down 

to  0.04% . 
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Table  1.  Grignard  Determination  Results  with  Graphical  Corrections 


Compound 


Tetramethyldisiloxane- 1 ,3-diol 

Diphenylsilanediol 

Diphenyldimethyldisiloxane 

Triphenylsilanol 

Tetraphenyldisiloxane-l,3-diol 

a-Naphthol 

Resorcinol 

Phenol 

Thymol 

Salicylaldehyde 

Vanillin,’ 

Benzoic  acid 
Glacial  acetic  acidh 
n-Butanol 
2-Octanol 
Aniline 

Cyclohexylaminet, 

Di-n-propylaminec 


Average  Purity, 

99.9 

(20) 

100.0 

(20) 

101.1 

(9) 

99.8 

(5) 

100.5 

(2) 

101.7 

(2) 

99.7 

(2) 

101.1 

(2) 

100.7 

(2) 

99.9 

(2) 

59.4 

(3)c 

100.5 

(4) 

89.9 

(2) 

99.3 

(3) 

100.3 

(3) 

100.5 

(2) 

101.7 

(2) 

99.8 

(2) 

°  Figures  in  parenthesis  indicate  number  of  determinations. 
b  Precipitate  formed  on  reaction.  The  formation  of  insoluble 
product  usually  leads  to  low  results,  presumably  because  of 
occlusion  of  unreacted  sample. 

c  After  heating  reaction  mixture  at  100°C  for  5  minutes. 

11  Reaction  time,  15  minutes. 

‘  Reaction  time,  60  minutes. 


Lithium  Aluminum  Hydride  Approach 


Lithium  aluminum  hydride,  which  has  been  used  instead  of  Grignard 
reagent,  possesses  a  few  advantages.  Namely,  it  can  be  purchased  readily, 
whereas  the  Grignard  reagents  must  be  prepared;  also,  where  the  hydride 
is  concerned,  hydrogen  is  the  gas  evolved,  and  this  has  less  solubility  in 
the  solvents  used  than  the  methane  liberated  by  the  Grignard.  The 
sensitivity  and  lack  of  selectivity  of  the  hydride  are  as  undesirable  as  for 
the  Grignard,  however. 
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REAGENT 


A  0.1  to  0.2 N  solution  of  lithium  aluminum  hydride  in  any  suitable  ether  in 
which  both  the  reagent  and  sample  are  soluble.  The  higher  boiling  ethers,  namely, 
di-n-butyl,  di-n-amyl,  and  dimethyl  ethers  of  ethylene  glycol  or  diethylene  glycol, 
are  recommended.  Dioxane  and  tetrahydrofuran  can  be  used,  however,  if  the 
solubility  of  the  sample  so  dictates. 

All  solvents  used  must  be  distilled  from  lithium  aluminum  hydride  solutions  to 
ensure  lack  of  active  hydrogen. 

The  reagent  and  solvents  are  best  kept  in  ampoules  sealed  with  serum  caps  to 
protect  against  the  atmosphere. 


PROCEDURE 

The  procedure  and  apparatus  for  lithium  aluminum  hydride  is  identical 
to  that  for  the  Grignard  reagent.  The  only  difference  is  that  only  ether 
solvents  can  be  used  for  the  samples  when  lithium  aluminum  hydride  is 
the  reagent,  since  the  reagent  is  soluble  in  these  solvents  alone. 


9 

Acetylenic  Hydrogen 


HC=CR 


A  hydrogen  atom  on  an  acetylenic  carbon  atom  is  easily  replaced  with 
certain  metal  atoms.  These  reactions  are  very  rapid  and  appear  to  be 
almost  ionic.  The  acetylenic  hydrogen  atom  exhibits  no  acidity  in  itself, 
however,  hence  is  probably  not  ionic  in  character. 

The  metals  that  replace  the  acetylenic  hydrogen  atom  the  most  readily 
are  silver,  copper(I),  and  mercury.  The  metal  derivatives  are  quite 
insoluble,  and  precipitation  is  generally  quantitative  unless  solubilizing 
groups  such  as  — OH,  COONa,  — S03Na  are  present  on  the  same 
molecule.  The  metal  derivatives  also  tend  to  be  explosive  when  dry; 
however  their  sensitivity  decreases  as  the  molecular  weight  of  the  com¬ 
pound  increases. 

The  replacement  of  acetylenic  hydrogen  atoms  with  silver  is  the  reac¬ 
tion  most  commonly  used  to  determine  these  types  of  compounds,  since 

2AgN03  +  HC=CR  ->  AgC=CRAgN03  +  HNOs 

silver  is  easily  measured  quantitatively  and  is  a  common  analytical  rea¬ 
gent.  The  six  methods  of  applying  the  silver  replacement  reaction  are  des¬ 
cribed  below. 

Method  A  consists  of  using  ammoniacal  silver  nitrate  and  determining 
excess  silver.  Method  B  is  used  when  aldehydes  are  present  in  the  sample. 
It  is  similar  to  Method  A  except  that  sodium  acetate  is  used  instead  of 
ammonia. 

A  basic  reaction  medium  helps  pull  the  reaction  to  completion  by 
removing  the  acid  formed  in  the  reaction.  Ammonia  is  a  stronger  base 
than  sodium  acetate;  however  ammoniacal  silver  can  oxidize  aldehydes 
quite  readily,  and  interference  in  the  analysis  will  result  if  aldehydes  are 

present  in  the  sample.  The  oxidation  of  aldehydes  is  minimized  when 
sodium  acetate  is  used. 

Methods  C  and  D  also  employ  the  reaction  with  silver  nitrate,  only 
here  no  alkaline  agent  is  added;  instead,  the  acid  formed  in  the  replace - 

mf,nt  ,re^tlon  1S  titrated-  The  reaction  actually  is  proceeding  as  titrant  is 
added.  These  methods  are  preferred,  since  the  metal  derivatives  need  not 
be  removed  from  the  reaction  system.  Method  D  is  so  arranged  that 
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neither  aldehydes  nor  halogens  interfere.  It  utilizes  a  high  concentration 
of  silver  reagent  relative  to  sample;  hence  enough  reagent  is  available  for 
reaction  with  all  components.  Also,  since  the  final  analysis  is  based  on  the 
amount  of  strong  acid  liberated,  the  relatively  weak  carboxylic  acid 
formed  on  oxidation  of  aldehydes  does  not  interfere,  and  the  precipita¬ 
tion  of  halide  ions  does  not  alter  the  acidity  of  the  system. 

Methods  E  and  F  are  particularly  useful  for  water-insoluble  samples. 
Silver  perchlorate  in  methanol  is  used  as  the  reagent  in  Method  E,  and 
titration  of  the  liberated  acid  is  done  with  a  weak  amine  that  eliminates 
interferences  from  readily  saponified  esters.  Pyridine,  used  as  the  solvent 
in  Method  F,  offers  advantages  because  of  its  basic  and  complexing 
properties. 

Copper  and  mercury  rarely  serve  for  determining  acetylenic  hydrogen 
compounds.  They  are  used  only  when  the  silver  methods  cannot  be. 


Silver  Methods 

Method  A 

The  reaction  above  (p.  489)  will  not  take  place  if  a  solution  of  silver 
nitrate  as  such  is  added  to  the  acetylenic  compound.  An  alkaline  material 
such  as  ammonia  has  to  be  present  to  remove  the  nitric  acid  formed  in 
the  reaction.  Without  the  ammonia,  the  reaction  would  take  place  only  to 
a  slight  degree,  if  at  all,  since  acids  react  with  the  silver  acetylides  to 
liberate  the  free  acetylenic  compound. 

All  the  acetylenic  compounds  tried  quantitatively  add  one  more  silver 
atom  than  there  are  acetylenic  hydrogen  atoms.  This  has  also  been  found 
to  be  true  by  other  investigators  (1).  This  method  is  reproducible  to  about 

±0.5%. 


REAGENTS 

Standard  silver  nitrate,  O.liV. 

Ammonium  thiocyanate,  0.1 /V. 

CP  Concentrated  ammonium  hydroxide. 

CP  Concentrated  nitric  acid. 

Approximately  6 N  sodium  hydroxide. 

Approximately  1 M  ammonium  hydroxide. 

Saturated  ferric  alum  indicator  solution. 

1 .  For  instance,  V.  J.  Altieri,  Gas  Analysis  and  Testing  of  Gaseous  Materials,  American  Gas 
Association,  Inc.,  New  York,  1945,  p.  329. 
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procedure 

Into  a  250-ml  glass-stoppered  Erlenmeyer  flask  pipet  25  ml  of  standard 
0.1  JV  silver  nitrate.  Then  add  3  ml  of  6 N  sodium  hydroxide,  followed  by 
concentrated  ammonia  until  the  precipitate  just  dissolves;  then  add  2  m 
of  excess  ammonia.  In  a  glass  ampoule,  weigh  a  sample  containing  about 
0.0008  mole  of  acetylenic  hydrogen  (see  pp.  862-4)  and  place  it  in  the 
Erlenmeyer  flask,  together  with  the  ammoniacal  silver  nitrate.  Add  some 
glass  beads  to  aid  in  breaking  the  ampoule.  The  stopper  should  be 
greased  if  the  sample  is  very  volatile.  Stopper  the  flask  and  shake  to  break 
the  ampoule.  Continue  shaking  for  3  to  5  minutes  to  assure  complete 
reaction.  Open  the  flask  and  quantitatively  transfer  the  contents  to  a 
50-ml  centrifuge  tube.  Rinse  the  flask  three  times  with  3-ml  portions  of 
IN  ammonium  hydroxide  and  add  the  washings  to  the  centrifuge  tube. 
Not  all  the  precipitate  need  be  removed  from  the  flask.  Then  centrifuge 
the  mixture,  and  carefully  decant  the  supernatant  liquid  into  a  250-ml 
Erlenmeyer  flask,  taking  care  not  to  get  any  of  the  precipitate  into  the 
flask.  If  particles  of  the  precipitate  persist  in  remaining  at  the  surface  of 
the  liquid,  the  liquid  can  be  decanted  into  the  flask  through  a  funnel 
containing  a  plug  of  glass  wool.  The  precipitate  in  the  funnel  should  not 
be  allowed  to  dry  for  the  reason  given  in  Cautions  (p.  494).  Wash  the 
contents  of  the  centrifuge  tube  three  times  with  about  10-ml  portions  of 
IN  ammonium  hydroxide,  centrifuging  each  time.  Add  the  washings  to 
the  flask  with  the  filtrate,  taking  care  not  to  get  any  particles  of  precipi¬ 
tate  into  the  filtrate. 

Then  carefully  neutralize  the  filtrate  with  concentrated  nitric  acid  and 
add  a  few  milliliters  of  excess  nitric  acid.  Titrate  the  solution  with 
standard  0.1N  ammonium  thiocyanate,  using  ferric  alum  indicator. 


CALCULATIONS 


Milliliters  of  NH4CNS  for  AgNO,  alone  minus  milliliters  NH4CNS  for 
sample  =  A 

A  x  N  NH4CNS  x  Mol.  wt.  of  compound  x  100 

G rams  of  sample  xl  000  XB  =  %  aCetylenic  compound 

where  B  is  the  number  of  acetylenic  hydrogen  atoms  per  molecule  plus  1 
(see  equation,  p.  489). 

The  foregoing  procedure  was  tested  with  propargyl  alcohol  and  solu¬ 
tions  of  acetylene  in  methyl  vinyl  ether.  Aldehydes  or  other  materials  that 
reduce  silver  ion  will  interfere.  Cyanides  will  interfere  because  of  complex 
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ion  formation,  and  sulfides  will  interfere  because  of  formation  of  the 
insoluble  silver  sulfides. 


Gaseous  Samples 

In  gas  samples  in  which  acetylene  or  any  gaseous  acetylenic  compound 
is  to  be  determined,  the  method  is  essentially  the  same  as  the  silver 
method  just  described  except  that  a  suitable  apparatus  is  needed.  In  most 
cases,  an  ordinary  Orsat  gas  analysis  apparatus  can  be  used  for  these 
analyses.  The  method  described  here,  however,  has  a  much  higher  degree 
of  accuracy  and  is  capable  of  determining  much  smaller  amounts  of 
acetylenic  compound  than  the  Orsat  apparatus.  This  procedure  is  accu¬ 
rate  and  precise  to  ±0.5%. 


REAGENTS 

Aqueous  standard  silver  nitrate,  0.1N. 
Standard  ammonium  thiocyanate,  0.05  N. 
Concentrated  ammonium  hydroxide. 
Sodium  hydroxide,  6 N. 

Concentrated  nitric  acid. 

Saturated  ferric  alum  indicator. 


APPARATUS 

Gaseous  samples  are  analyzed  using  the  apparatus  depicted  in  Fig.  9.1. 


PROCEDURE 


Introduce  the  gas  sample  into  the  100-ml  gas  buret  A  through  B.  In  a 
50-ml  volumetric  flask,  place  25  ml  of  0.1  N  standard  silver  nitrate.  To 
this  add  3  ml  of  approximately  6 N  sodium  hydroxide,  fol  owe  y  con 
centrated  ammonium  hydroxide,  until  the  silver  oxide  precipitate  jus 
dissolves  Then  dilute  the  solution  to  the  mark.  Into  receiver  E  pipet 
25  m  of  this  solution.  Receiver  E,  a  tube  of  about  1.5  cm  diameter  with  a 
plug  of  glass  wool  at  the  bottom  is  packed  two-.hirds  full  with  6-mm, 

8laAllowdiSe  gas  sample  to  stand  for  about  10  minutes  in  the  gas  buret  for 
thermal  be  established;  then  read  the  volume  and  the 
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Fig.  9.1.  Acetylenic  hydrogen  apparatus  for  gase¬ 
ous  samples. 


temperature.  Raise  the  leveling  bulb,  putting  the  sample  under  about 
10  cm  pressure,  and  turn  the  stopcock  on  the  gas  buret  to  allow  the  gas  in 
the  buret  to  escape  through  C.  Then  open  the  stopcock  on  the  receiver  to 
permit  the  gas  into  the  receiver.  The  rate  of  flow  of  sample  should  be 
about  one  bubble  per  second.  Raise  the  mercury  level  as  the  gas  flows  out 
of  the  gas  buret.  Force  the  mercury  over  through  C  and  D  until  it  just 
appears  in  the  receiver.  This  is  to  ensure  sweeping  all  the  gas  sample  into 
the  receiver.  Drain  out  the  contents  of  the  receiver  by  means  of  F  into  a 
250-ml  Erlenmeyer  flask  through  a  funnel  with  a  glass  wool  plug  to  catch 
any  silver  acetylide  particles  that  might  come  out  of  the  receiver  There 
should  be  no  particles  of  the  silver  acetylide  in  the  Erlenmeyer  flask  The 
contents  of  the  receiver  should  be  transferred  quantitatively  by  rinsing 
with  water  and  adding  the  washings  to  the  Erlenmeyer  flask  through  the 
funnel.  Acidify  the  contents  of  the  flask  with  concentrated  nitric  acid  and 
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add  a  few  milliliters  of  nitric  acid  in  excess.  Titrate  the  solution  with 
0.05N  standard  ammonium  thiocyanate  solution,  ferric  alum  indicator. 


CAUTION 

1.  Silver  acetylides  are  explosive  when  dry.  All  pieces  of  apparatus  that 
contain  silver  acetylides  should  be  rinsed  in  nitric  acid,  to  dissolve  the 
acetylides,  then  rinsed  with  water.  The  receiver  in  the  foregoing  analysis 
should  be  cleaned  in  the  same  manner;  then,  if  the  apparatus  is  not  in 
use,  fill  the  receiver  with  dilute  nitric  acid  in  case  there  are  any  undissol¬ 
ved  silver  acetylide  particles  between  the  glass  beads  or  on  the  glass  wool. 

2.  Ammoniacal  silver  nitrate,  when  allowed  to  stand,  can  form  explo¬ 
sive  compounds.  Therefore  dispose  of  all  excess  ammoniacal  silver  ni¬ 
trate. 


CALCULATIONS 


Milliliters  of  AgN03  (ammon.)  x  N  AgN03  (ammon.)  =  A  x  N  NH4CNS 

A  minus  milliliters  of  NH4CNS  used  in  titration 

=  milliliters  NH4CNS  equivalent  to  silver  consumed 

by  acetylenic  compound  =  B 

B  x  N  NH4CNS  x  mol,  wt.  of  compound 

1000C 

=  grams  of  acetylenic  compound  =  D 

where  C  is  the  number  of  silver  atoms  added  to  the  acetylenic  compound 

plus  1  (see  equation,  p.  489). 

In  the  case  of  solid  or  liquid  samples. 


D  X  - =  %  acetylenic  compound 

Grams  of  sample 

To  obtain  the  percentage  of  acetylenic  compound  in  a  gaseous  sample, 
the  density  of  the  sample  should  be  known  at  a  certain  temperature  in 
which  case  the  volume  of  sample  is  converted  to  the  volume  at  the 
temperature  at  which  the  density  is  known,  by  means  of  the  equation 
PV/T  =  p  v,/T,.  Then,  if  the  density  is  known,  the  volume  ol  sample  is 
converted  to  grams  of  sample,  and  this  value  is  substituted  in  the 
foregoing  equation  to  calculate  percentage  of  acetylenic  compound. 
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If  the  density  of  the  sample  is  not  known,  the  result  can  be  obtained  in 
terms  of  volume  percentage.  The  grams  of  acetylenic  compound  D  is 
converted  by  using  the  density  (obtainable  in  chemical  or  engineering 

handbook)  and 

Volume  of  acetylenic  compound  x  100 

Volume  of  sample 

=  %  acetylenic  compound  by  volume 

When  tested  with  gaseous  mixtures  of  acetylene,  air,  and  carbon 
dioxide,  this  procedure  was  found  to  be  accurate  to  ±0.5%.  The  interfer¬ 
ing  substances  in  this  procedure  are  the  same  as  those  in  the  preceding 
one. 

Method  B 

The  next  procedure  is  of  service  when  aldehydes  are  present  with  the 
acetylenic  compound.  In  the  two  preceding  methods  aldehydes  interfere 
seriously  because  of  their  reducing  action  on  silver  ions.  This  procedure 
employs  sodium  acetate  instead  of  ammonia  to  remove  the  nitric  acid 
formed  by  the  reaction  of  the  silver  nitrate  with  the  acetylenic  compound. 
The  aldehydes  reduce  the  silver  ion  much  more  slowly  when  sodium 
acetate  is  used  as  the  basic  medium  instead  of  ammonium  hydroxide. 


REAGENTS 

Standard  0.1N  silver  nitrate. 

Standard  0.1N  ammonium  thiocyanate. 
Sodium  acetate  solution  2%. 

Ferric  alum  indicator. 

Concentrated  nitric  acid. 


PROCEDURE 


.  ,I"t°  ai50;"11  Er|enmeyer  flask,  introduce  50  ml  of  0. IN  silver  nitrate 

and  ldd  ,'he  °I  h°!lT  3Cetate  S°'Uti0n-  CO°‘  thC  S°lution  in  ice 

and  add  the  sample,  wh.ch  should  contain  about  0.002  equivalent  of 
ace.ylemc  compound.  Filter  the  resultant  precipitate  with  suction  by  using 

0  ”so  f  ,nel’  mu  thOIOUghly  wash  il  with  a  minimum  of  chilled 
0.0  /„  sod  urn  acetate.  The  precipitate  should  be  covered  with  liquid  at 
all  times,  since  it  decomposes  when  exposed  to  air 
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Acidify  the  filtrate  with  5  to  6  ml  of  concentrated  nitric  acid  and  titrate 
with  OAN  standard  ammonium  thiocyanate,  ferric  alum  indicator  being 
used. 

Large  amounts  of  aldehydes  will  reduce  the  silver  ions  relatively  rapidly 
and  consequently  will  interfere.  However  this  difficulty  can  be  sur¬ 
mounted  by  cooling  the  silver  nitrate-sodium  acetate  solution  thoroughly 
before  adding  the  sample.  Then,  after  the  sample  has  been  added,  filter 
off  the  resultant  precipitate  immediately  into  a  filtration  flask  containing  5 
to  6  ml  of  concentrated  nitric  acid.  In  this  way,  the  filtrate  is  acidified  as 
soon  as  it  passes  through  the  funnel,  and  any  reaction  between  the  silver 
ions  and  the  aldehydes  is  prevented.  The  filter  should  be  as  coarse  as 
possible,  to  hasten  the  filtration.  The  reaction  between  the  aldehyde  and 
the  silver  ions  is  sufficiently  slow,  especially  when  the  solutions  are  cold, 
that  the  filtration  of  the  silver  salt  of  the  acetylenic  compound  can  be 
achieved  before  any  significant  interference  of  the  aldehyde  can  be  noted. 


CAUTION 

See  previous  procedures. 


CALCULATIONS 

Most  acetylenic  compounds  consume  one  more  atom  of  silver  than  the 
number  of  acetylenic  hydrogen  atoms: 


HC=CR  +  2AgN03— » AgC=CR- AgN03  +  HN03 

Milliliters  of  NH4CNS  equivalent  to  50  ml  of  AgN03  =  A 

A  minus  milliliters  NH4CNS  used  to  titrate  sample  -  B 

B  xN  NH4CNS  x  Mol,  wt.  of  compound  x  1 00  _  %  acetyienjc  compound 
Grams  of  sample  x  1000  x  C 


C  =  number  of  acetylenic  hydrogen  atoms  plus  1 


Method  C 


This 
silver  n 
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samples.  The  acid  liberated  by  the  reaction  is  titrated  with  standard 
alkali: 

HC=CR  +  2AgN03— » AgC=CR- AgN03  +  HN03 


Method  of  the  Texas  Company 

(As  described  by  V.  J.  Altieri ,  Gas  Analysis  and  Testing  of  Gaseous  Materials , 
American  Gas  Association ,  New  York ,  1945 ,  pp.  330-2.  Adapted  with  Permis¬ 
sion  of  the  American  Gas  Association ,  Mr.  Altieri ,  and  the  Texas  Company) 


REAGENTS 

Sodium  hydroxide,  0.02 N  for  samples  containing  less  than  1%  acetylenic 
compound. 

Sodium  hydroxide,  0.1N,  for  samples  containing  more  than  1%  acetylenic 
compound. 

silver  nitrate  solution.  Dissolve  100  grams  of  silver  nitrate  in  water  and 
dilute  to  1  liter  (store  in  dark  bottle).  For  the  working  solution,  dilute  35  ml  of  the 
aqueous  silver  nitrate  solution  to  140  ml  with  95%  ethanol. 
indicator.  Alcoholic  solution  composed  of  a  mixture  of  0.1%  methyl  red  and 
0.05%  methylene  blue.  Store  in  a  dark  dropping  bottle. 


PROCEDURE 


In  a  250-ml  Erlenmeyer  flask,  place  50  ml  of  silver  nitrate  solution 
together  with  the  sample,  which  should  contain  0.002  equivalent  of 
acetylenic  hydrogen  if  the  0.1  iV  sodium  hydroxide  is  to  be  used  in  the 
final  titration,  or  0.0004  equivalent  of  acetylenic  compound  if  the  0.02N 
sodium  hydroxide  is  to  be  used. 

Add  about  6  drops  of  indicator  and  titrate  the  contents  of  the  flask  with 
the  sodium  hydroxide  solution  of  appropriate  strength.  The  end  point  is 
the  change  of  the  red  color  of  the  indicator  to  a  dull  yellow. 

For  gaseous  samples,  the  procedure  described  on  pages  492-95  can 

be  used,  except  that  the  silver  nitrate  can  be  put  in  the  receiver  and 

t  e  ultimate  analysis  made  as  just  described  instead  of  determining 
excess  silver. 


This  procedure  is  accurate  and  precise  to  ±0.5  to  1.0%.  It  was  tested 
w.th  3-butyne-l-ol,  ethynyl-cyclohexanol,  1-hexyne,  and  3-butyne-2-ol 
Any  acidic  or  basic  materials  in  the  sample  will  interfere;  they  should  be 
determined  on  a  separate  sample,  and  the  proper  correction  applied  to 
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the  acetylenic  hydrogen  result.  Aldehydes  or  other  reducing  substances 
interfere  by  reducing  the  silver  ions  to  metallic  silver,  which  darkens  the 
solution  so  much  that  the  end  point  is  completely  obscured.  Also,  the  acids 
formed  on  the  oxidation  of  the  aldehyde  would  interfere  even  if  the 
metallic  silver  formed  did  not  obscure  the  end  point. 


CAUTION 

Silver  salts  of  acetylenic  compounds  are  explosive  when  dry.  Destroy 
these  salts  by  dissolving  in  dilute  nitric  acid,  or  by  making  the  solution 
ammoniacal  and  dissolving  the  silver  acetylide  with  5%  potassium 
cyanide  (Hood).  The  resulting  solution  is  poured  into  5%  ferrous  sulfate 
to  destroy  the  excess  cyanide. 


Method  D — Adapted  from  L.  Barnes,  Jr.,  and  L.  J.  Molinini 

[Anal.  Chem.,  27,  1025-7  (1955)] 

REAGENTS 

Silver  nitrate,  2.0  to  3.5 M  aqueous  solution. 

Silver  perchlorate,  2.0  to  3.5 M  aqueous  solution.  Anhydrous  or  hydrated  silver 
perchlorate  is  obtainable  from  G.  Frederick  Smith  Chemical  Company,  Colum¬ 
bus,  Ohio. 

Sodium  hydroxide,  0.1N,  carbonate-free. 

Methyl  purple  indicator  solution.  Obtainable  from  Fleisher  Chemical  Company, 
Benjamin  Franklin  Station,  Washington,  D.C. 


PROCEDURE 

UQUID  AND  SOLID  samples.  Place  40  ml  of  silver  nitrate  or  silver  perchlo¬ 
rate  reagent  solution  in  a  250-ml  Erlenmeyer  flask  and  add  3  or  4  drops 
(amount  critical)  of  methyl  purple  indicator.  Neutralize  with  0. IN  base  or 
acid.  Add  a  weighed  amount  of  sample  equivalent  to  24)  to  3.5  meq.  f 
acetylenic  hydrogen  and  titrate  the  liberated  acid  with  0.1  N  base  to  the 
green  color  of  the  indicator  as  viewed  by  transmitted  light.  Acidic  or  basic 
impurities  and/or  functional  groups,  if  present,  may  be  determined  sepa 
ratelv  and  appropriate  corrections  applied. 

gaseous  samples.  Bring  a  known  volume  of  the  gas  into  intimate  coma 
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with  a  suitable  quantity  of  the  concentrated  silver  reagent  and  titrate  the 
liberated  acid  with  standard  base. 

Equipment  and  manipulative  technique  for  handling  gas  samples  may 
take  any  one  of  many  forms.  However  the  following  apparatus  and 
procedure  have  proved  to  be  eminently  satisfactory.  The  manifold  illus¬ 
trated  in  Fig.  9.2  provides  means  for  the  transfer  of  gas  from  a  cylinder 
under  pressure  directly  into  calibrated  sample  tubes  convenient  for 
analysis. 

With  the  main  cylinder  valve  closed  but  the  needle  valve  open,  and  the 
gas  sample  tubes  open  to  the  manifold,  evacuate  the  system.  Close  the 
large  stopcock  D,  thus  isolating  the  system  from  the  vacuum  pump.  If  the 


way  stopcock,  2  mm;  H,  main  cylinder  valve;  J,  needle 
valve;  J,  open-end  mercury  manometer;  K,  gas  sample 
tube,  approximately  100-ml  capacity  (3.3x18cm),  L, 
flexible  pressure  tubing. 
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system  is  free  from  leaks,  as  indicated  by  a  steady  manometer  reading, 
close  the  needle  valve  and  open  the  main  cylinder  valve.  Open  the  needle 
valve  slowly,  and  fill  the  sample  tubes  to  slightly  above  atmospheric 
pressure.  Close  the  stopcock  on  both  gas  sample  tubes  and  remove  the 
tubes  from  the  manifold.  Mount  the  tubes  vertically  on  an  apparatus 
support  stand,  allow  5  minutes  for  temperature  equilibration,  and  open 
the  stopcocks  momentarily  to  adjust  sample  to  atmospheric  pressure. 
Record  temperature  and  barometric  pressure.  By  means  of  rubber  tubing, 
connect  a  leveling  bulb  to  the  lower  (three-way)  stopcock  of  the  sample 
tube.  Place  a  suitable  quantity  of  the  concentrated  silver  reagent  solution 
in  the  leveling  bulb  and  displace  the  air  from  the  rubber  tubing.  Open  the 
three-way  stopcock  and  allow  the  reagent  solution  to  enter  the  sample 
tube.  Shake  gently,  drain,  and  wash  contents  into  a  suitable  vessel,  and 
titrate  with  0.1N  sodium  hydroxide.  The  volume  of  distilled  water  used 
for  washing  the  gas  sample  tube  should  be  held  at  a  minimum  to  prevent 
dilution,  hence  precluding  acetylide  precipitation. 

By  modification  of  sampling  technique,  the  apparatus  (Fig.  9.2)  may  be 
used  for  the  sampling  of  gases  under  pressures  less  than  atmospheric. 


RESULTS 


The  applicability  of  the  method  to  various  acetylenic  compounds  is 
indicated  in  Table  1.  All  compounds  listed  were  analyzed  as  received 
without  purification.  Some  of  the  compounds  tested  had  very  limited 
water  solubility,  but,  with  the  exception  of  3-methyl- l-nonyn-3-ol,  when 
added  directly  to  the  concentrated  silver  solution,  all  reacted  rapidly  and 
quantitatively  to  produce  a  clear,  single-phase  system.  When  the  latter 
compound  was  added  directly  to  the  concentrated  silver  solution,  an 
acetylide  precipitated  that  would  not  dissolve  completely,  and  analytical 
results  were  erratic.  Upon  weighing  the  compound  into  5  to  10  ml  of 
95% ethyl  alcohol,  then  adding  the  silver  solution  to  the  alcoholic  one,  no 
precipitation  of  acetylides  was  observed  and  analytical  results  were  repro¬ 
ducible  and  quantitative.  ,  .  ,  ,  , 

The  acetylenic  amines  listed  in  Table  1,  which  formed  insoluble 

acetylides,  were  titrated  (without  preneutralizat.cn  of  the  ammo  group 
with\he  aid  of  a  pH  meter  equipped  with  standard  glass  and  externa 
calomel  electrodes  connected  by  a  sodium  nitrate  salt  bridge.  Their 

inclusion  in  Table  1  demonstrates  the  versatility  oMh®  ®etll0  Halogens 
The  effects  of  halogens  and  aldehydes  are  shown  in  Table  2.  Halogens, 
in  The amounts  present,  did  not  interfere.  The  visual  end  point  was  readily 
K  h  after  the  precipitated  silver  halide  had  settled.  Samples  contain- 


Table  1.  Application  of  Method  to  Various  Compounds 


Compound® 


Alcohols 
1  -Phenyl-2-propy  n- 1  -ol 
2-Propyn-l-olb 

2- Methyl-3-butyn-2-ol 

3- Methyl- 1  -pentyn-3-ol 
3,4-Dimethyl- 1  -pentyn-3-ol 
3-Ethyl- 1  -penty  n-3-ol 

1  -Ethynylcyclopentanol 
3-Methyl-l-hexyn-3-ol 
1  -Ethynylcyclohexanol 
2,6-Dimethyl-4-ethynyl-heptan-4-ol 
3-Methyl-l-nonyn-3-olc 

Hydrocarbons 

Acetylened 

1-Propyne 

1- Butynee 

2- Methylbuten-3-yne 
l-Hexyne7 

Carboxylic  Acid 
Propiolic  acid9 

Amines 

S-Aminopropyne* 

Di(2-propynyl)amine* 

Miscellaneous 
Sodium  acetylide' 


Purity,  % 

AgN03  Reagent  AgC104  Reagent 


99.4 

99.2 

98.5 

98.8 

99.0,  99.2 

— 

99.3,  99.5 

99.5 

99.1 

99.5 

98.5,  98.5 

98.5 

97.4,  97.7 

97.9 

98.2,  98.7 

98.8 

97.5,  97.9 

97.8 

98.0,  98.0 

— 

96.3,  96.3 

96.5,  96.6 

99.82  ±  0.32 

99.85  ±0.15 

99.3,  99.4 

— 

98.9,  98.4 

— 

99.8,  99.6 

— 

96.1,  96.3 

— 

98.0,  98.4 

— 

99.5 

99.4 

— 

97.4,  97.2 

Technical  grade  samples  of  reasonable  purity;  no  attempts  made  at  further 
purification. 

6  Boiling  range  113  to  115°C. 

'  3'2%  ketone  present  by  hydroxylamine  hydrochloride  analysis 

evlln^T  ana'fiS  0f  14  SamP,es  (AgN°3)  and  4  samples  (AgCIOJ  from  same 
cylinder  of  acetylene  on  acetone-free  basis.  Hempel  absorption  analysis  of  24 

±<m°/  r  T?  Cylin,der’  USing  br°mine  SOlUti°n  as  absorbe"‘.  indicates  0.38 
±0.08  /o  nonacetylemcs  (i.e.,  99.62%  acetylene). 

]  l3%o  Nonacetylenics  present  by  Orsat  analysis. 

95.8%  Assay  by  potassium  mercuric  iodide  G  Hanna  anH  q  c;„  •  a  , 

Chem.,  21,  1469  (1949)];  see  p.  509,  this  book  S  S'8g,a-  Anal 

I  oo lit  ^Say  by  titra,i°n  °f  carboxy|ic  acid  group. 

Woir  t,  a  T;?.,by  nonaclueous  titration  of  amino  group.  [C  W  Piter  and  F  r 

Wolfish,  Anal.  Chem.,  24,  300  (1952)].  &  F  L  *  '  nter  and  E-  G- 

,  a9i'o/%MASSay  by  nonaclueous  titration  of  amino  group. 

2.1  /o  Nonacetylenics  present. 
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Table  2.  Effects  of  Halogens  and  Aldehydes  on  Determination  of  Acetylenic  Hydrogen 


Compound 

Taken, 

meq. 

Found, 

meq. 

Halogen  or  Aldehyde 

-Reagent 

Error, 

°/ 

/O 

Present 

meq. 

3-Methyl- 1  -pentyn-3-ol 

3.180 

3.180 

Iodide 

6.0 

AgNOs 

0.0 

3.390 

3.390 

Chloride 

3.0 

AgN03 

0.0 

2.667 

2.671 

Bromide 

3.0 

AgN03 

+  0.1 

1.542 

1.543 

Butyraldehyde 

0.544 

AgN03 

+0.1 

2.358 

2.358 

Butyraldehyde 

0.833 

AgC104 

0.0 

2-Methyl-3-butyn-2-ol 

2.654 

2.640 

Formaldehyde 

0.698 

AgNOa 

-0.5 

2.730 

2.724 

Formaldehyde 

0.718 

AgC104 

-0.2 

1-Hexyne 

3.313 

3.300 

Salicylaldehyde 

0.688 

AgN03 

-0.4 

3.430 

3.414 

Salicylaldehyde 

0.713 

AgNQ3 

-0.5 

silver  halide  through  a  coarse  paper,  followed  by  titration  of  the  liberated 
acid  in  the  filtrate.  Although  the  metathesis  of  silver  acetylides  by  halides 
has  been  reported  (2),  no  such  interference  would  likely  be  involved  here, 
since  the  relatively  high  concentration  of  silver  ion  precludes  the  possibil¬ 
ity  of  excess  (free)  halide  ions.  Presumably  the  aldehydes  do  not  interfere 
because  the  pH  of  the  solution  is  never  maintained  at  a  high  value  long 
enough  to  reduce  silver  ion.  Apparently  local  excess  concentrations  of 
base  are  without  effect  in  this  respect. 


DISCUSSION 

Certain  distinct  advantages  are  associated  with  the  use  of  concentrated 
silver  solutions  for  the  determination  of  acetylenic  hydrogen.  The  general 
absence  of  precipitated  acetylides  facilitates  detection  of  the  end  point 
and  is  particularly  desirable  in  the  analysis  of  gaseous  samples,  where 
precipitates  are  likely  to  obstruct  volumetric  apparatus,  clog  stopcocks 
and  so  on.  The  limited  number  of  reagents  required,  coupled  with  the  fact 
that  filtration  is  unnecessary,  makes  the  method  extremely  rapid  In 
addition,  certain  compounds  of  very  limited  water  solubility,  such  as 
1-butyne  and  1-hexyne,  may  be  analyzed  directly  without  prror  add.t.on 

°f TheTdndpaf objection  to  the  method  lies  in  the  high  cost  of the  sdver 
reagent  solutions.  However  careful  selection  of  compounds  to  be 
analyzed  and  reclamation  of  waste  silver  solutions  help  to  reduce  the  cost. 
The  concentration  of  silver  ion  necessary  to  prevent  acetyhde  precipit 

2.  R  F.  Robey,  B.  E.  Hudson,  Jr.,  and  H.  K.  Wiese,  Anal.  Chem.,  24.  1080-2  (1952). 
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tion  is  much  less  for  some  compounds  than  for  others.  2-Methyl-3-butyn- 
2-ol  and  3-methyl-l-pentyn-3-ol  are  analyzed  routinely  by  the  addition 
of  1.5  meq.  of  sample  to  100  ml  of  0.3M  aqueous  silver  nitrate  and 
subsequent  titration  of  the  liberated  acidity  with  0.05N  alkali.  Under  the 
described  conditions  no  acetylide  precipitation  is  observed.  On  the  other 
hand,  most  hydrocarbons,  such  as  acetylene  and  1-hexyne,  whose 
acetylides  would  precipitate  from  dilute  silver  solutions,  are  analyzed 
utilizing  concentrated  (2. 0-3. 5 M)  solutions  of  silver  nitrate  or  silver 
perchlorate  as  reagents. 

The  amount  of  methyl  purple  indicator  added  to  the  solution  to  be 
titrated  is  critical:  3  or  4  drops  from  the  conventional  dropping-type 
indicator  bottle  is  sufficient  when  silver  nitrate  is  used;  larger  amounts  of 
indicator  tend  to  obscure  the  end  point.  When  silver  perchlorate  is 
employed,  4  or  5  drops  of  indicator  may  be  used.  For  many  of  the 
compounds  tested,  a  more  distinct  end  point  was  obtained  with  silver 
perchlorate  than  with  silver  nitrate.  The  effects  of  the  high  salt  concentra¬ 
tion  in  the  proposed  concentrated  silver  solutions  on  the  indicator  appear 
to  have  a  negligible  influence  on  the  accuracy  of  the  method.  The 
selection  of  appropriate  indicators  is  limited  to  those  which  change  color 
in  the  pH  range  of  4  to  6.  At  higher  pH  values,  hydrated  silver  oxide 
starts  to  precipitate.  Bromocresol  purple,  bromocresol  green,  methyl  red, 
and  methyl  red-methylene  blue  indicators  have  been  utilized,  however 
methyl  purple  is  preferred  by  most  analysts. 

The  concentration  of  sodium  hydroxide  used  to  titrate  the  liberated 
acidity  is  not  extremely  critical.  Normalities  between  0.05  and  0.2  have 
proved  satisfactory,  although  0.1  N  seems  to  be  ideal  for  most  com¬ 
pounds.  More  concentrated  solutions— that  is,  0.5N— set  up  local  exces¬ 
ses  of  base  so  large  that  the  locally  precipitated  silver  oxide  redissolves 
with  considerable  difficulty.  This  lengthens  the  time  required  for  the 
analysis  and  also  produces  a  condition  that  may  be  more  favorable  for 
in  erference  by  aldehydes.  Base  solutions  that  are  too  dilute  do  not 

produce  a  sharp  color  change  at  the  end  point  and  may  cause  some 
acetylide  precipitation.  y 


Method  E— Adapted  from  the  Method  of  L.  Barnes,  Jr 

[Anal  Chem .,  31 ,  405  (1959)] 
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STANDARD  0.1N  TRIS(HYDROXYMETHYL)AMINOETHANE  (THAM).  Dissolve 
12.15  grams  of  THAM  in  methanol  with  mechanical  stirring  and  dilute  to  1  liter. 
Filter  any  remaining  insolubles.  To  standardize,  dilute  40  ml  of  this  solution  with 
200  ml  of  water  and  titrate  with  aqueous  acid  to  the  methyl  purple  end  point. 
screened  thymol  blue  indicator  solution.  Dissolve  0.100  gram  of  thymol 
blue  and  0.025  gram  of  alphazurine  in  100  ml  of  methanol.  Store  in  a  brown 
bottle.  Prepare  fresh  every  week,  since  the  solution  decomposes  on  standing. 
Alphazurine  is  also  known  as  Alphazurine  A  or  Patent  Blue  A. 
standard  0.1N  perchloric  acid.  Dissolve  8.5  ml  of  72%  perchloric  acid  in  1 
liter  of  methanol.  Standardize  against  THAM  using  screened  thymol  blue  as 
indicator. 


PROCEDURE 


Add  3  drops  of  screened  thymol  blue  indicator  to  10  ml  of  1 M 
methanolic  silver  perchlorate  contained  in  a  50-ml  beaker.  Neutralize  any 
free  perchloric  acid  with  0.1N  THAM  to  the  green  of  the  indicator. 
Weigh  the  sample  containing  1  to  3  meq.  of  acetylenic  hydrogen  and 
place  in  a  250-ml  Erlenmeyer  flask  containing  5  to  10  ml  of  neutral 
methanol  and  5  to  10  drops  of  indicator.  Pour  the  neutralized  silver 
perchlorate  into  the  sample  flask  and  titrate  the  liberated  perchloric  acid 

to  a  permanent  green  end  point  with  0.1N  THAM. 

For  colored  samples,  make  a  potentiometric  titration  with  a  glass- 
indicating  electrode-double-junction  reference  electrode  system.  Replace 
the  solution  in  the  double-junction  electrode  with  3 M  sodium  perchlorate 
in  2:1  methanol-water  solution. 

If  the  sample  contains  a  strong  acid  (indicator  purple),  neutralize  wit 
0AN  THAM  to  the  green  of  the  indicator  prior  to  the  addition  of  silver 
perchlorate.  If  strong  bases  such  as  alkali  hydroxides  are  present  (inch- 
cator  blue),  neutralize  with  0.1N  perchloric  acid  to  the  purple  of  the 
indicator  before  adding  the  silver  perchlorate.  If  amines  with  KB 
1  x  10~6  are  present,  the  indicator  will  remain  green  an  s  ou 
neutralized  with  perchloric  acid  prior  to  the  addition  of  silver  perch ora £ 
Sulfuric  acid  is  a  special  interference;  THAM  neutralizes  only  one  of  its 
hydrogens,  the  other  is  released  by  silver  perchlorate.  Also,  sulfuric  acid 

c/ihe  precipitated  Parian,  stri- 

fate. 
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discussion  and  results 

The  method  is  particularly  useful  for  water-insoluble  samples.  Because 
the  strong  bases  normally  used  as  titrants  readily  saponify  many  esters, 
the  weak  amine  THAM  was  used  for  this  method.  Acetylide  precipitation 
rarely  occurs  in  this  system.  Water  causes  low  results,  but  for  practical 
purposes,  0.5  to  1.0  gram  can  be  present  without  serious  effect.  There  are 
no  interferences  from  halogens  or  aldehydes.  Table  3  gives  results  ob- 
tained  by  this  method. 


Table  3.  Application  to  Various  Compounds 

Purity,  % 


Compound 

Nonaqueous 
Silver  Perchlorate 

Aqueous 

Silver  Nitrate" 

2-Propyn-l-ol 

98.1 

98.0 

2-Methyl-3-butyn-2-ol 

99.0 

98.9 

3-Phenyl- 1  -butyn-3-ol 

99.7 

99.1 

3-Methyl- l-pentyn-3-ol 

98.8 

99.0 

3-Methyl- l-hexyn-3-ol 

100.3 

— 

3,5-Dimethyl-l-hexyn-3-ol 

98.1 

98.6 

2-Ethyl- l-heptyn-3-ol 

100.1 

99.5 

3-Ethyl-5-methyl-l  -heptyn-3-ol 

98.0 

98.3 

3,6-Dimethyl-3-hydroxy-l-heptyne 

99.5 

100.0 

4-Ethyl-l-octyn-2-ol 

100.3 

99.7 

3-Methyl-l  -nonyn-3-ol 

100.1 

_ 

Acetylene  in  acetone 

1.19 

1.18 

2-Methyl-l  -butene-3-yne 

99.7,99.1 

98.5 

1  -Pentyne 

84.9 

85.3 

1-Hexyne 

97.5,97.9 

98.6 

1 ,6-Heptadiyne 

92.6,  92.7 

93.3 

“  Method  D  (Barnes  and  Molini,  p.  498). 


Method  F— Adapted  from  the  Method  of  M.  Miocque  and  J.  A.  Gautier 

[Bull.  Soc.  Chim.  Fr.,  467  (1958)] 

REAGENTS 


SILVER  NITRATE  IN  PYRIDINE.  Dissolve 

make  to  100  ml  with  pyridine. 


17  grams  of  silver  nitrate  in  pyridine  and 
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Table  4.  Results  by  the  Silver  Nitrate  in  Pyridine  Method 

Found, % 


Silver  Nitrate  Method  of 

Compound  in  Pyridine  Siggiaa 


Propargyl  alcohol 

b 

l-Pentyn-3-ol 

91.4 

91.3 

3-Methyl- l-pentyn-3-ol 

99.2 

98.8 

3-Methyl- 1  -butyn-3-ol 

95.5 

95.5 

Ethynylcyclohexanol 

99.8 

99.1 

Phenylethynylcarbinol 

b 

3-Methyl- 1  -pentyn-3-ol-carbamate 

100.0 

99.6 

3-Methyl-l-butyn-3-ol-p-nitrobenzoate 

99.4 

101-105 

3-Methyl- l-pentyn-3-ol-p-nitrobenzoate 

99.3 

109-112 

3-Methyl- 1  -pentyn-3-ol-hydrogen  phthalate 

99.5 

Propargyl  bromide 

b 

6-Chloro-l-hexyne 

99 

b 

1 1  -Chloro- 1  -undecyne 

89.5 

Dimethylpropargylamine 

97.3 

b 

5  -(2-Pyridyl)- 1  -hexyne 

89 

b 

5-(2-Pyridyl)-l-hexyne  picrate 

97.5 

b 

7-(2-Pyridyl)-l  -heptyne 

93.4 

b 

7-(2-Pyridyl)- 1  -heptyne  hydrochloride 

98.5 

b 

7-(2-Pyridyl)-l -heptyne  picrate 

98.7 

b 

1 2-(2-Pyridyl)- 1  -dodecyne 

92 

b 

1 2-(2-Pyridyl)- 1  -dodecyne  hydrochloride 

97 

b 

1 2-(2-Pyridyl)- 1  -dodecyne  picrate 

96.3 

b 

4-(4-Pyridyl)- 1  -butyne 

97.5 

b 

4_(4-Pyridyl)-l-butyne  picrate 

98.7 

O 

L. 

1 2-(4-Pyridyl)- 1  -dodecyne 

91 

D 

L. 

1 2-(4-Pyridyl)- 1  -dodecyne  picrate 

95.5 

D 

U 

7_(4-Pyridyl)- 1  -heptyne 

9  / 

u 

h 

7_(4-Pyridyl)-l-heptyne  picrate 

yo.3 

u 

a  See  page  490. 
b  Determination  unsuccessful. 


Thymolphthalein  indicator,  1%  in  absolute  alcohol. 
Sodium  methoxide  in  methanol,  standard  0.1N  solution. 


PRNeCu!ranzeEabout  5  ml  of  the  silver  nitrate  solution  to  a  pale  blue  color 
nf  the  indicator  with  0.1N  sodium  methoxide  solution.  Add  the  sampl  , 
llch  colcfcn  of  ,he  „lu,io„.  .HI.  0.1N 
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sodium  methoxide  solution  to  the  return  of  the  pale  blue  color.  Occasion¬ 
ally  a  yellow  color  appears  during  the  titration,  but  this  usually  does  not 
affect  the  sharpness  of  the  end  point,  although  the  final  color  is  then 

green  instead  of  blue. 


RESULTS  AND  DISCUSSION 

The  scope  and  accuracy  of  the  method  are  suggested  by  the  data  in 
Table  4. 

The  method  fails  for  propargyl  alcohol,  propargyl  bromide,  and 
phenylethynylcarbinol  because  a  brown  coloration  develops  rapidly  when 
these  substances  are  present. 


Cuprous  Method 

The  second  principal  method  involves  reaction  of  cuprous  chloride  with 
the  acetylenic  compound  in  a  pyridine  solution.  The  hydrochloric  acid 
liberated  is  titrated  with  standard  alkali. 


Cu2Cl2  +  2HC=C — R  ?yndine>  2CuC=C — R  +  2HC1 

Pyridine  is  a  weak  base  that  combines  with  the  liberated  hydrochloric 
acid  so  that  the  reaction  will  proceed  to  completion.  The  hydrochloric 
acid  can  be  titrated  with  sodium  hydroxide,  a  stronger  base  than  pyridine. 

This  method  is  less  accurate  and  precise  than  the  silver  methods  just 
described;  the  reproducibility  of  this  procedure  is  ±2%.  The  method  can 

be  used,  however,  for  samples  containing  impurities  that  interfere  with 
the  silver  methods. 


REAGENTS 


CUPROUS  chloride,  approximately  0.1  N.  In  a  solution  of  150  ml  of  pyridine 
nd  150  ml  of  water,  dissolve  10  grams  of  cuprous  chloride.  Dilute  the  resulting 
solution  to  1  liter  with  distilled  water.  Fresh  solutions  should  be  prepared  each 
ay  ecause  of  the  instability  of  the  reagent  toward  oxygen 
Standard  sodium  hydroxide,  0.5 N. 
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PROCEDURE 

Dissolve  a  sample  containing  about  0.005  equivalent  of  acetylenic 
compound  in  a  minimum  of  water  (pyridine  can  be  used  if  the  sample  is 
insoluble  in  water),  and  add  100  ml  of  cuprous  reagent  to  the  sample.  A 
precipitate  of  the  cuprous  derivative  of  the  acetylenic  compound  will 
result.  Then  titrate  the  solution  with  0.5 N  sodium  hydroxide  by  using  a 
pH  meter  with  the  standard  calomel  and  glass  electrodes.  An  indicator 
cannot  be  used  because  of  the  intensity  of  color  of  the  solution  and  the 
presence  of  the  colored  precipitate.  A  plot  of  pH  versus  milliliters  of 
reagent  will  reveal  the  end  point  accurately.  However  the  pH  change  at 
the  end  point  is  large  enough  to  be  visible  from  the  pH  readings 
recorded;  a  plot  is  necessary  only  for  higher  accuracy. 


CALCULATIONS 

Milliliters  of  NaOH  x  N  NaOH  x  mol,  wt.  of  compound  x  100 

Grams  of  sample  x  1000  x  A 

=  %  acetylenic  compound 

where  A  is  the  number  of  cuprous  ions  that  add  to  the  acetylenic 
compound. 

This  procedure  was  tested  by  using  propargyl  alcohol.  Interfering 
substances  consist  of  any  acidic  or  alkaline  material  that  may  be  present. 
Aldehydes  do  not  interfere  with  this  method  as  they  do  with  the  silver 

methods  A  and  B. 


Mercuric  Method 

The  disadvantages  of  using  silver  ion  are  mainly  attributable  to  the 
interference  of  any  halides,  cyanides,  sulfides,  and  traces  (down  to  0.01  /o) 
of  aldehydes  in  the  sample.  These  interferences  consume  silver  ion, 
halides  and  sulfides  by  precipitation  of  the  silver  salts,  the  cyanides  by 
Lmple’x  ion  formation!  and  the  aldehydes  by  reduction  of  the  sfiver  ion 
to  metallic  silver  Traces  of  aldehydes  affect  the  determination  of  the 
nfirTc  Idd  liberated  by  the  silver  nitrate,  for  the  metallic  silver  formed 
obsTures  the  end  point  completely.  Small  amounts  of  aldehydes  (up  o 
0  5%  as  formaldehyde)  can  be  tolerated  in  the  procedure  below.  Becaus 
aldehydes  are  oxidized  by  the  potassium  mercuric  iodide,  however. 


Acetylenic  Hydrogen 
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amounts  larger  than  0.5%  will  begin  to  affect  the  acetylenic  hydrogen 
results. 

For  qualitative  identification  purposes,  Shrin-er  and  Fuson  (3)  recom¬ 
mend  the  use  of  potassium  mercuric  iodide  to  form  the  mercuric  deriva¬ 
tive  of  those  compounds  which  contain  the  grouping  C=CH,  according 
to  the  formula 

2RC=CH  +  K2HgI4  +  2KOH  -*  (R — C=C — )2Hg  +  4KI  +  2H20 

The  procedure  described  in  this  section  uses  this  reaction  for  the 
quantitative  estimation  of  acetylenic  compounds  by  the  determination  of 
the  hydroxide  consumed. 


Adapted  from  the  Procedure  of  Hanna  and  Siggia 

[Anal.  Chem.,  21,  1469  (1949)] 

REAGENTS 

potassium  mercuric  iodide  reagent.  Dissolve  50  grams  of  mercuric  iodide  in 
250  ml  of  20%  potassium  iodide  solution. 

CP  Methyl  alcohol. 

Standard  0.5 N  sulfuric  acid  solution. 

Standard  0.5 N  sodium  hydroxide  solution. 


PROCEDURE 

Add  50  ml  of  the  potassium  mercuric  iodide  reagent  to  100  ml  of  CP 
methyl  alcohol  in  a  250-ml  Erlenmeyer  flask.  Add  the  sample  containing 
0.010  to  0.015  mole  of  acetylenic  hydrogen  to  the  flask,  and  pipet  50  ml 
of  standard  0.5 N  sodium  hydroxide  solution  into  the  mixture.  Titrate  the 
excess  sodium  hydroxide  immediately  to  the  phenolphthalein  end  point 
with  standard  0.5 N  sulfuric  acid. 

Used  to  test  this  procedure  were  propargyl  alcohol,  1-hexyne,  3-butvn- 
l-ol,  and  acetylene.  J 


3. 


R.  L.  Shriner  and  R.  C.  Fuson,  Systematic 
New  York,  1948,  p.  200. 
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/  / 

R — CH  ,  R— C— R",  and  ROCH=CH2 

\  V 

OR"  OR" 

Acetals,  ketals,  and  vinyl  ethers  are  grouped  together  because  they  are 
all  forms  of  combined  carbonyl  compounds.  The  acetals  and  vinyl  ethers 
are  combined  forms  of  aldehydes,  and  the  ketals  are  combined  forms  of 
ketones.  Most  of  the  methods  of  analysis  of  these  materials  aie  based  on 
hydrolysis  of  these  compounds  back  to  the  parent  carbonyl  compound 
and  determination  of  this  carbonyl  compound.  There  are  specific  reac¬ 
tions  of  the  vinyl  ethers  that  are  not  common  to  acetals  or  ketals 

(Methods,  pp.  515-20). 


Hydroxylamine  Hydrochloride  Method  for  Acetals,  Ketals 
and  Vinyl  Ethers 


The  original  source  of  this  very  generally  used  procedure  cannot  be 
traced  The  method  is  similar  to  those  described  earlier  (pp.  95  100),  ex¬ 
cept  that  water  is  used  as  the  solvent.  The  procedure  involves  hydrolysis 
of  acetals  vinyl  ethers,  or  ketals,  with  hydroxylamine  hydrochloride  used 
as  the  acid  catalyst  and  also  as  the  agent  to  remove  the  resulting  aldehyde 
keton.  b»  forming  the  ox, me;  .his  pull.  ,h.  hydro!,*  reacnon  to  com- 
pletion.  The  liberated  hydrochloric  acid  (see  equation,  p. 
with  standard  alkali. 


,h„Arr5«^ 

standard  glass  and  calomel  electrodes  being  used. 
Standard  0.5N  sodium  hydroxide. 
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•  PROCEDURE 

Weigh  a  sample  containing  about  0.012  mole  of  acetal,  vinyl  ether,  or 
ketal  into  a  250-ml  beaker  or  flask  containing  50  ml  of  hydroxylamine 
reagent. 

For  water-insoluble  samples,  methanol  can  be  added  to  the  reagent  to 
bring  about  solution.  However  this  should  be  kept  at  a  minimum  because 
of  the  slowing  effect  it  has  on  the  hydrolysis. 

Allow  the  mixture  to  stand  until  the  reaction  is  complete.  Some 
compounds  react  completely  in  30  minutes  at  room  temperature.  Others 
hydrolyze  so  slowly  that  the  reaction  mixture  has  to  be  refluxed  for  some 
hours.  Most  acetals  and  vinyl  ethers  will  hydrolyze  in  less  than  2  hours  at 
room  temperature. 

Ketals  usually  take  a  longer  time.  Chlorodimethylacetal  requires  4 
hours  of  reflux. 

After  hydrolysis,  titrate  the  reaction  mixture  with  0.5 N  sodium  hydrox¬ 
ide,  using  a  pH  meter,  with  the  standard  calomel  and  glass  electrodes. 
The  end  point  can  be  detected  from  the  recorded  pH  and  milliliter  data. 
If  the  break  is  too  gradual,  however,  a  curve  of  pH  versus  milliliters 
should  be  plotted.  The  pH  break  at  the  end  point  is  too  gradual  for 
indicators  to  be  used. 

If  much  methanol  has  been  added  to  dissolve  the  sample,  at  least  an 
equal  volume  of  water  should  be  added  before  the  titration  is  begun.  This 
produces  a  sharper  pH  change  at  the  endpoint. 

If  the  sample  is  acidic  or  basic,  bring  it  to  pH  3.1  before  adding  it  to  the 
hydroxylamine  reagent.  Use  pH  3.1  because  the  end  point  break  is 
obtained  in  the  vicinity  of  this  pH. 

Used  to  test  this  procedure  were  dimethylacetal,  dibutylacetal, 
chlorodimethylacetal,  dihydroxyethylacetal;  methyl,  ethyl,  n-propyl.  n- 

butyl,  and  isobutyl  vinyl  ethers,  as  well  as  2,2-dimethoxv-l  4- 
dihydroxybutane.  ’ 

The  procedure  is  usually  accurate  to  better  than  ±1%. 


Bisulfite  Method  for  Acetals  and  Vinyl  Ethers 

,,  J h.e  ana|ysis  described  below  involves  the  hydrolysis  of  the  acetal  and 

i  rinr"  the  aldehyde  formed  by  die  bisulfite  method  for 
aldehydes  as  described  previously  (pp.  100-107). 

OR, 


Hi) 


RCH 


+  HaO  RCHO  +  R(1)OH  +  R 


"(2) 


OH 


OR 


(2) 
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Quantitative  Organic  Analysis 


Methods  for  determining  acetals  in  which  the  acetal  was  hydrolyzed 
and  the  aldehyde  determined  have  been  described.  The  drawbacks  in 
these  procedures  are  due,  in  most  cases,  to  the  shortcomings  of  the 
aldehyde  procedure  used.  (These  were  discussed  in  the  section  on  al¬ 
dehydes  pp.  95-160.) 

Since  all  the  reactions  involved  in  this  analysis  are  carried  out  in  the 
same  closed  vessel,  there  is  less  danger  of  loss  of  aldehyde  by  volatiliza¬ 
tion.  The  reagents  used  are  stable,  and  there  are  no  end  point  or 
equilibrium  difficulties  to  harass  the  operator.  Also  there  is  no  need  for 
distilling  the  aldehyde  to  determine  it;  the  aldehyde  is  determined  in  the 
hydrolysis  reaction  mixture.  The  procedure  is  accurate  and  precise,  on  the 
average,  to  ±0.3%.  The  same  procedure  can  be  used  to  determine  alkyl 
vinyl  ethers,  since  these  compounds  also  hydrolyze  readily  to  yield 
acetaldehyde. 


ROCH=CH2  +  HoO  CH3CHO  +  ROH 

Mixtures  of  acetals  and  alkyl  vinyl  ethers  can  be  determined  by  first 
hydrolyzing  the  sample  and  determining  the  total  aldehyde  produced.  The 
foregoing  vinyl  ether  is  determined  by  the  iodimetric  procedure  described 
in  the  next  section.  The  difference  between  the  two  results  will  yield  the 

amount  of  acetal  present. 


Adapted  from  the  Procedure  of  Siggia 

[. Ind .  Eng.  Chem .,  Anal.  Ed .,  19,  1025  ( 1947 )] 

Fiaure  10  1  illustrates  the  acetyl-vinyl  ether  apparatus.  The  top  portion 
A  onsets  of  a  500-ml  Erlenmeyer  flask  with  a  29/26  standard-taper 
oround  elass  female  joint  blown  onto  the  bottom,  with  glass  stoppers  to 
fit  Tcfthe  mouth  ol  the  flask  is  attached  a  6-mm  stopcock  and  onto  the 
stopcock  is  sealed  a  29/26  standard-tap^  g^nd-g  ass  ^le  jom  - 

The  bottom  portion  of  the  apparatus  B  is  a  500  mil tnenmey 
wkh  a  29/26  standard-taper  female  joint  sealed  onto  the  mouth. 


reagents 


Standard  sulfuric  acid,  IN. 

^  “  - ,o5' 
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Fig.  10.1.  Acetal-vinyl  ether  apparatus. 


PROCEDURE 


Weigh  a  sample  of  0.02  to  0.04  mole  of  acetal  or  alkyl  vinyl  ether  in  a 
sealed  thin-walled  ampoule  (see  pp.  862-64)  and  introduce  it  into  section 
A  of  the  apparatus  (Fig.  10.1),  together  with  50ml  of  standard  IN 
sulfuric  acid.  Include  about  10  to  20  ml  of  glass  beads  to  aid  in  breaking 
the  ampoule.  Stopper  the  apparatus,  the  stopper  being  well  greased  to 
prevent  leakage  of  any  volatile  aldehyde.  If  the  aldehyde  produced  is 
acetaldehyde,  totally  immerse  the  flask  in  a  mixture  of  ice  and  water  for  5 
minutes  to  avoid  building  up  pressure  when  an  ampoule  is  broken.  If  the 
flask  is  not  chilled,  the  stoppers  sometimes  are  forced  open  or  leaks  are 
created  in  the  stopcock  by  the  pressure. 

After  the  flask  is  chilled,  shake  it  vigorously  to  break  the  ampoule 

contammg  the  sample;  continue  shaking  for  15  minutes  to  ensure  com- 
plete  hydrolysis  of  the  sample. 
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Quantitative  Organic  Analysis 


For  most  acetals  and  vinyl  ethers,  15  minutes  of  shaking  is  sufficient  for 
hydrolysis;  but  for  some,  for  example,  di-n -butyl  acetal,  30  minutes  is 
needed  to  ensure  complete  hydrolysis.  Use  a  Kahn  shaker  to  shake  the 
sample.  This  type  of  shaker  clamps  the  stopper  on  the  flask  while  shaking 
is  in  progress. 

When  hydrolysis  is  complete,  attach  section  A  of  the  apparatus, 
containing  the  hydrolyzed  sample,  to  section  B,  which  contains  250  ml  of 
1 M  sodium  sulfite.  The  joint  connecting  the  two  sections  should  be 
greased  to  prevent  loss  of  low-boiling  aldehydes.  Then  open  the  stopcock 
in  section  A  and  shake  the  acid  solution  containing  the  aldehyde  down 
into  the  sulfite  solution.  The  acid  and  sulfite  form  bisulfite,  which  con¬ 
sumes  the  aldehyde.  After  all  the  acid  solution  is  in  section  B,  shake  some 
of  it  back  into  section  A  to  react  with  the  aldehyde  contained  on  the  walls 
and  on  the  glass  beads.  Vigorously  shake  the  whole  apparatus  for  a  few 
minutes  to  assure  removal  of  all  the  aldehyde  vapor  from  the  atmosphere 


in  both  sections  of  the  apparatus. 

Separate  the  sections  of  the  apparatus  and  rinse  them  quantitatively 
into  an  800-  to  1000-ml  beaker.  Titrate  the  solution  with  standard  IN 
sodium  hydroxide.  Use  a  pH  meter,  such  as  is  described  in  connection 
with  aldehyde  determinations  (p.  103).  As  described  earlier,  plotting  pH 
versus  milliliters  of  sodium  hydroxide  is  the  most  accurate  method  of 
determining  the  end  point.  However  if  a  large  enough  sample  is  taken, 
titrating  to  a  definite  pH  for  the  aldehyde  does  not  incur  any  very 

significant  error.  irvr.  , 

Determine  any  free  aldehyde  in  the  sample  (as  on  pp.  100-10/),  and 

subtract  the  value  from  the  figure  obtained  for  the  acetal. 

In  the  determination  of  acetals,  the  hydrolysis  step  depends  on  the 
effectiveness  of  shaking  and  the  ease  of  hydrolys.s  of  the  part, cuktr  acetal 
as  far  as  time  necessary  for  hydrolysis  is  concerned.  The  shaking  is 
important,  since  the  samples  are  immiscible  with  water;  and  the 
vigorous  the  shaking,  the  more  sample  surface  is  m  contact  with  acid.  T  u 
procedure  as  described  calls  for  15  minutes  of  shaking  for  complete 
hvdrolysis  However,  this  time  interval  is  used  to  ensure  complete  hy 
drolysis  for  all  samples  with  a  rather  leisurely  shaking  of  the  sample  wi 

thThe  hydrolysis  can  be  completed  in  5  minutes  if  the  shaking  is  vigorous, 
H  i  Pood  mixing  of  sample  with  the  acid  is  maintained.  If  the  shaking  ,s 
£ ”,  «  SL  „.i  is  no,  shaken  all,  -he  hydro, yi>  may  no,  he 

“ThPit.,eu"r.Ohe  sipleEa  grea.  deal  »  do  with  ,he  ,i»e  reared 

•JPES*  'JSZZ? ssrss  rtsru: 
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vigorously  with  the  acid  for  15  minutes  to  ensure  complete  hydrolysis.  If 
agitation  is  moderate,  shaking  should  proceed  for  30  minutes. 

The  following  compounds  were  used  to  test  this  procedure:  dimethyl, 
diethyl,  di-n-propyl,  diisopropyl,  di-n-butyl,  and  diisobutyl  acetal,  and 
methyl,  ethyl,  propyl,  n-butyl,  and  isobutyl  vinyl  ether. 


Iodimetric  Method  Specific  for  Vinyl  Ethers 
Adapted  from  S.  Siggia  and  R.  L.  Edsberg 

[ Reprinted  in  Part  from  Anal.  Chem .,  20 ,  762-3  (1948)] 

The  iodometric  method  described  is  by  far  the  simplest  method  yet 
devised  that  will  still  yield  results  of  a  high  degree  of  precision  and 
accuracy.  The  reaction  time  is  10  minutes,  and  the  entire  analysis  is 
carried  out  in  one  vessel.  The  end  point  is  very  sharp  to  the  naked  eye, 
and  no  color  comparisons  or  electrical  indicating  devices  are  necessary. 

The  reaction  between  the  iodine  and  the  vinyl  ether  requires  the 
presence  of  an  alcohol,  since  the  end  product  of  the  reaction  is  the 
corresponding  iodoacetal. 


R— OCH=CH..  +  I,  +  CH;iOH  —  ROCH— CH.,1  +  HI 


OCH.j 

The  mechanism  ot  the  reaction  was  established  in  several  ways.  On 
omission  of  the  alcohol,  no  quantitative  reaction  between  the  ether  and 
the  iodine  occurred.  The  pH  of  the  solution  was  measured  before  and 
after  the  sample  was  introduced;  the  pH  dropped  considerably  on  intro¬ 
duction  of  the  ether,  indicating  the  formation  of  hydriodic  acid.  To 
substantiate  these  qualitative  observations,  several  reactions  were  run 
using  n-butyl  vinyl  ether.  The  final  reaction  mixtures  were  combined  and 
extracted  with  carbon  tetrachloride.  The  carbon  tetrachloride  extracts 
were  distilled  and  a  product  was  obtained  whose  carbon,  hydrogen  and 
iodine  analysis  corresponded  to  the  methyl  butyl  iodoacetal. 

The  impurities  usually  associated  with  vinyl  alkyl  ethers— namelv 
alcohols  acetaldehyde,  acetals,  acetylene,  and  later-  do  no,  interfere 
un  er  the  conditions  of  the  iodometric  analysis.  This  procedure  is  an 
excel  ent  method  for  determining  vinyl  alkyl  ethers  in  the  presence  of 

ether  '  de  aae,aldch-vde-  Be«*use  all  previous  methods  for  vinyl  alkyl 
xrs  depended  on  acid  hydrolysis  and  determination  of  Y  u-  y 

«« .ce,„ 
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the  ultimate  analysis  was  for  acetaldehyde,  samples  containing  acetal¬ 
dehyde  presented  difficulty. 

Acid  impurities  in  the  sample  will  not  interfere  unless  they  lower  the 
pH  of  the  analysis  solution  below  2.  In  such  an  acid  solution  the  hydriodic 
acid  is  sensitive  to  atmospheric  oxygen,  and  oxidation  to  free  iodine 
results.  Because  the  sample  is  titrated  to  the  disappearance  of  the  free 
iodine  color,  the  oxidation  of  the  hydriodic  acid  obscures  the  end  point  by 
causing  the  color  to  reappear  very  rapidly. 

Alkaline  impurities  interfere  in  the  analysis  by  causing  the  reaction  to 
take  a  different  course.  In  alkaline  solution  the  ethers  react  with  the 
iodine,  as  does  acetaldehyde,  to  form  iodoform.  Samples  containing  free 
alkali  or  too  much  free  acid  should  be  neutralized  before  analysis. 

Acetaldehyde  shows  no  interference  whatsoever  as  long  as  the  sample 
contains  no  free  alkali.  When  a  sample  containing  approximately  0.060 
gram  of  ether  and  2.0  gram  of  acetaldehyde  was  analyzed,  there  was  no 
interference,  even  in  the  presence  of  such  a  large  amount  of  acetal¬ 
dehyde. 


procedure 

Accurately  weigh  vinyl  ether  samples  by  sealing  0.001  to  0.002  mole  in 
small  glass  ampoules.  Blow  bulbs  of  soft  glass  to  about  1.25  cm  (0.5  m.) 
diameter,  having  a  capillary  stem  of  about  10  cm  (4  in.)  (see  pp.  88- 
884)  Weigh  an  ampoule  and  then  fill  it  by  dipping  the  capillary  below 
the  surface  of  the  vinyl  ether,  cooling  the  bulb  with  a  dry  ice-acetone  cool¬ 
ing  mixture  until  the  desired  amount  of  ether  has  entered  the  bulb.  Sea 
the  ampoule  by  touching  the  end  of  the  capillary  to  a  small  flame,  w  l  e 
keeping  the  bulb  in  the  cooling  mixture.  Leave  the  ampoule  to  dry,  an 
allow  it  to  come  to  room  temperature  before  reweighing. 

The  reaction  vessel  used  is  a  500-ml  wide-mouthed  glass-stoppered 
hottle  Place  about  25  ml  of  glass  beads  in  the  bottle,  and  add  .  ml 
standard  iodine  (0.1  N)  by  pipet.  To  this  add  SOml  of  CP  methano  an 
the  vinvl  ether  sample.  Grease  the  stopper  well  to  prevent  any  leaks, 

.  „ke  the  bottle  violently  to  enable  the  glass  beads  to  crush  the  samp 

the  reaction  with  methyl  viny  e  e  ’  since  the  higher  boiling 

as  a  wars  - 
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titrate  the  contents  of  the  bottle  with  standard  0.1N  thiosulfate.  Inasmuch 
as  starch  indicator  in  the  presence  of  methanol  is  not  satisfactory,  take  the 
end  point  as  the  disappearance  of  the  last  trace  of  iodine  color  n 
standing  a  few  minutes  after  titrating,  the  solution  may  regain  a  slight 
iodine  color,  but  in  all  cases  the  first  disappearance  of  iodine  is  the  correct 
end  point.  If  the  sample  size  is  large,  the  excess  iodine  titration  will  be 
small  and  the  iodine  color  will  return  more  rapidly.  If  a  smaller  sample  is 
used,  there  will  be  a  large  excess  of  iodine  left  to  titrate  and  the  iodine 
color  will  return  much  more  slowly.  The  iodine  color  returns  so  slowly 
that  it  does  not  noticeably  affect  the  determination  of  the  end  point. 

It  is  very  important  to  use  CP  methanol  in  the  foregoing  reaction.  As  a 
check,  it  was  the  custom  of  Siggia  and  Edsberg  to  run  a  blank  titration  of 
50  ml  of  standard  iodine  in  50  ml  of  CP  methanol.  If  the  iodine  titration 
in  the  presence  of  the  methanol  differs  from  the  calculated  titer,  a 
correction  for  the  blank  must  be  applied.  From  the  titration,  the  excess 
iodine  present  in  the  reaction  mixture  is  determined.  Subtracting  this 
excess  from  the  original  50  ml  of  iodine  added  yields  the  iodine  used  in 
the  reaction.  The  percentage  of  vinyl  ether  is  then  calculated  as  follows: 

Milliliters  of  I2  used  in  reaction 

- x  normality  of  x 

1000  y  2 


mol.  wt.  of  ether 
2 


100 

x - 

wt.  of  sample 


=  %  vinyl  ether 


DISCUSSION 


The  method  was  found  to  work  for  almost  all  the  vinyl  ethers  tried  (see 
Table  1).  Lauryl  vinyl  ether  and  octadecyl  vinyl  ether  could  not  be 
determined  by  this  method  because  of  their  limited  solubility  in  the 
reagents  used.  Attempts  to  analyze  these  samples  by  eliminating  water 
from  the  system  entirely,  using  alcoholic  solutions  of  iodine  and  solutions 
of  iodine  in  carbon  tetrachloride,  gave  very  unsatisfactory  results.  Appar¬ 
ently  water  is  necessary  to  obtain  a  clean-cut  reaction.  The  use  of  the 
standard  aqueous  solution  of  iodine  provides  sufficient  water  to  obtain  a 
good  reaction,  and  the  aqueous  iodine  is  a  very  stable  reagent. 

The  end  p°|nt  in  this  analysis  is  very  sharp.  Starch  is  not  used  because 

'  'nactlvity  ln  an  alcoholic  medium;  however,  the  disappearance  of 
the  iodine  color  can  be  very  easily  detected  (within  one  drop) 
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Table  1.  Analysis  of  Vinyl  Alkyl  Ethers 

Analysis  by  Hydrolysis  lodometric 
and  Bisulfite  Addition,  Analysis, 
Sample  %  % 


Methyl  vinyl  ether  96.7  96.51 

96.48 

97.02 

Methyl  vinyl  ether  a  99.61 

99.01 

Ethyl  vinyl  ether  a  99.03 

99.75 

99.51 

99.72 

/t-Butyl  vinyl  ether  98.7  98.45 

98.85 

98.81 

Isobutyl  vinyl  ether  a  99.34 

99.35 

99.25 


a  Ether  was  purified  by  washing  five  times  with  alkaline 
water  (pH  =  8)  to  remove  acetaldehyde  and  alcohol; 
cooled  to  — 50°C  and  filtered  from  any  ice  which  had 
separated;  and  finally  distilled  from  sodium. 


Mercuric  Acetate  Method  for  Vinyl  Ethers 

Mercuric  acetate  has  been  applied  to  determining  olefin  compounds 
(see  pp.  428-40).  Vinyl  ethers  have  a  double  bond,  which  makes  them 
suitable  for  this  analysis.  The  reaction  as  used  for  olefins,  however,  could 
not  be  applied  to  vinyl  ethers  until  Johnson  and  Fletcher  found  that  for 
these  compounds,  a  low  temperature  was  needed. 


Methods  of  J.  B.  Johnson  and  J.  P.  Fletcher 

[Reprinted  in  Part  from  Anal.  Chem.,  31,  1563-4  (1959] 

REAGENTS 

mercur.c  acetate.  Approximately  0.12 M  solution  in  anhydrous,  reagent 
grade  methanol.  Dissolve  40  grams  of  mercuric  acetate  (reagent  grade)  in 
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sufficient  methanol  to  make  1  liter  of  solution.  Stabilize  the  reagent  by  the 
addition  of  3  to  8  drops  of  glacial  acetic  acid.  Filter  the  reagent  before  using. 
When  used  in  the  procedure,  50  ml  of  the  reagent  should  have  a  titration  of  from 

1  to  10  ml  of  0.1  N  potassium  hydroxide. 

Standard  potassium  hydroxide,  0. IN  solution  in  methanol. 

Phenolphthalein  indicator,  1.0%  methanolic  solution. 

Sodium  bromide,  reagent  grade  crystals. 


PROCEDURE 

Pipet  50  ml  of  the  mercuric  acetate  reagent  into  each  of  two  250-ml 
glass-stoppered  Erlenmeyer  flasks.  If  a  sealed  glass  ampoule  is  specified, 
use  heat-resistant  pressure  bottles  containing  a  few  pieces  of  8-mm  glass 
rod.  Cool  the  contents  of  the  flasks  between  -10  and  -15°C.  (A  bath  of 
chipped  ice  and  methanol  can  be  maintained  below  —  10°C  for  more  than 
an  hour  without  difficulty.)  Reserve  one  of  the  flasks  for  a  blank  determi¬ 
nation.  Into  the  other  flask  introduce  an  amount  of  sample  containing 
from  3.0  to  4.0  meq.  of  vinyl  ether.  Allow  both  the  sample  and  the  blank 
to  stand  in  the  bath  at  —  10°C  or  lower  for  10  minutes.  To  each  flask  add 
2  to  4  grams  of  sodium  bromide  and  swirl  the  contents  to  effect  solution. 
Add  approximately  1  ml  of  the  phenolphthalein  indicator  and  titrate 
immediately  with  standard  0.1N  methanolic  potassium  hydroxide  to  a 
pink  end  point.  Do  not  permit  the  temperature  of  the  solution  to  exceed 
15°C  during  the  titration.  Because  the  method  is  based  on  an  acidimetric 
titration,  take  the  usual  precautions  to  avoid  interference  from  carbon 
dioxide. 

Reaction  time  and  temperatures  for  other  compounds  are  shown  in 
Table  20,  Chapter  7. 


discussion 


The  vinyl  ethers  and  certain  other  compounds  react  with  mercuric 
acetate  in  methanol  to  form  mercury  addition  compounds  that  are  unsta¬ 
ble  at  room  temperature.  These  compounds  can  be  determined  quantita¬ 
tively  if  the  solution  temperature  is  maintained  below  -10°C  during  the 
reaction  and  is  prevented  from  exceeding  15°C  during  the  titration  step. 

inyl  ethyl  ether  may  also  be  determined  by  the  procedures  of  both 
Mart,,,  (1 1  and  Das  (2)  (see  pp.  430-37)  if  these  conditions  of  tempera¬ 
ture  are  observed.  Presumably  other  vinyl  ethers  may  also  be  determined 

1.  R.  W.  Martin,  Anal.  Chem.,  21,  921  (1949). 

2.  M.  N.  Das,  Anal.  Chem.,  26,  1086  (1954). 
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by  these  two  procedures  if  the  temperature  is  controlled.  The  vinyl  ethers 
that  have  been  quantitatively  determined  by  the  procedure  described  here 
are  listed  in  Table  2. 

Table  2.  Vinyl  Ethers  Determined  by  Modified  Mercuric  Acetate  Procedure 

Aver-  Number  Aver-  Number 

age  of  age  of 

Purity,  Devi-  Determi-  Purity,  Devi-  Determi- 

Compound  wt.  %  ation  nations  Compound  wt.  °/0  ation  nations 


1-Butenyl  methyl 

Vinyl  2-chloro- 

ethera 

97.7 

0.0 

2 

ethyl  ether 

97.3 

0.0 

2 

Divinyl  Carbitol 

98.4 

0.1 

2 

Vinyl  ethyl 

1-Propenyl  ethyl 

ether® 

98.9 

0.2 

14 

ether 

97.4 

0.4 

2 

Vinyl  hexyl 

Vinyl  allyl  ether 

99.0 

0.0 

2 

Carbitol 

100.1 

0.1 

2 

Vinyl  butyl 

Vinyl  isobutyl 

Cellosolve 

100.0 

0.1 

2 

ether® 

98.6 

0.2 

2 

Vinyl  butyl 

Vinyl  propyl 

ether® 

98.9 

0.2 

3 

ether 

97.0 

0.3 

2 

Vinyl  (2-butyl- 

Vinyl  tetradecyl 

mercapto)ethyl 

ether 

95.2 

0.1 

2 

ether 

100.0 

0.1 

2 

Vinyl  undecyl 

Vinyl  Carbitol 

100.8 

0.1 

2 

ether 

96.2 

0.1 

2 

a  Use  a  sealed  glass  ampoule  or  an  aliquot  from  a  methanolic  dilution  of  the  sample. 


Allyl  acetate  and  certain  other  unsaturated  esters  are  not  hydrolyzed 
under  the  nonaqueous  conditions  of  this  procedure,  whereas  vinyl  acetate 
is  saponified  quantitatively.  a-Methylstyrene,  a  compound  whose  mer¬ 
cury  addition  product  is  unstable  toward  halogen  acids  (2),  can  be 
determined  by  this  procedure. 


LIMITATIONS  AND  INTERFERENCES 

Like  the  other  methoxymercuration  methods,  this  procedure  is  most 
suitable  for  the  determination  of  unsaturated  compounds  containing  a 
terminal  double  bond  or  an  internal  double  bond  with  a  cis  configuration. 
a,/3-Unsaturated  acids,  aldehydes,  esters,  ketones,  and  nitriles  do  not 
react  quantitatively  under  the  conditions  employed.  Inorganic  salts,  espe¬ 
cially  halides,  must  be  absent  from  the  reaction  mixture. 

Inasmuch  as  the  method  is  based  on  an  acidimetnc  titration,  the  sample 
must  be  neutral  to  phenolphthalein  or  a  suitable  correction  applied.  Care 
mus!  also  be  taken  to  exclude  carbon  dioxide,  which  titrates  as  an  actd. 
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General  Method  for  Traces  of  Acetals,  Ketals,  and  Vinyl 
Ethers 

The  trace  methods  described  earlier  (pp.  148-60)  for  carbonyl  com¬ 
pounds  can  generally  be  applied  to  these  compounds.  The  tests  involving 
acidic  reagents  such  as  2,4-dinitrophenylhydrazine  hydrochloride  (pp. 
148-52)  can  be  applied  directly,  since  the  acidity  of  the  reagent  will  rapidly 
convert  these  compounds  to  the  free  carbonyl  compound,  which  will  in 
turn  react  with  reagent.  For  the  nonacidic  reagents,  the  acetals,  ketals,  or 
vinyl  ethers  can  be  hydrolyzed  first  with  a  dilute  solution  of  mineral  acid 
to  liberate  the  carbonyl  compound.  The  carbonyl  test  can  then  be  applied 
to  the  hydrolyzed  system. 


Method  for  Traces  of  Acetals  of  Acetaldehyde  and  for  Traces 
of  Vinyl  Ethers 

Adapted  from  the  Method  of  M.  C.  Bowman,  M.  Beroza,  and  F.  Acree,  Jr. 

[Reprinted  in  Part  from  Anal.  Chem .,  33 ,  1053-5  (1961)] 

The  method  is  a  modification  of  the  one  employed  by  Barker  and 
Summerson  (3)  for  lactic  acid  in  biological  materials,  by  Stotz  (4)  for 
acetaldehyde  in  blood,  and  by  Giang  and  Smith  (5)  for  metaldehyde 
(tetramer  of  acetaldehyde)  in  plant  material.  The  compound  is  hydrolyzed 
with  sulfuric  acid;  the  acetaldehyde  generated  is  distilled  into  aqueous 
sodium  bisulfite  and  reacted  with  p-phenylphenol  in  the  presence  of 
concentrated  sulfuric  acid  and  cupric  ion.  A  violet  color  having  an 
absorption  maximum  at  572  nm  (Fig.  10.2)  is  produced. 

The  analysis  is  simple  to  run,  it  is  accurate  to  within  3%  in  the 
microgram  range,  and  results  are  reproducible. 


apparatus 

Absorbance  measurements  were  made  with  a  Beckman  Model  DU  spec 
trophotometer  in  square  Corex  cells  having  a  1-cm  light  path. 

3.  S.  B.  Barker  and  W.  H.  Summerson.  J.  Biol.  Chem.,  138,  535  (1941) 

4.  Elmer  Stotz,  J.  Biol.  Chem.,  148,  585  (1943). 

5.  P.  A.  Giang  and  F.  F.  Smith,  J.  Agr.  Food  Chem.,  4,  623  (1956). 
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Fig.  10.2.  Absorption  curve  of  color. 


The  reaction  apparatus,  described  by  Giang  and  Schechter  (6),  is  an  all-glass 
system  with  two  vertical,  parallel  condensers.  One  permits  refluxing  and  the  other 
distillation  in  the  same  apparatus  without  transfer.  The  reflux  condenser  is  at  least 
15  cm  long  attached  to  the  reaction  flask.  The  second  condenser  (25  cm  long)  is 
attached  to  the  reflux  condenser  by  a  suitable  adapter,  such  that  condensate  runs 
into  a  suitable  collection  vessel  joined  to  the  second  condenser  by  means  of  a 
ground-glass  joint. 


REAGENTS 

The  sulfuric  acid-cupric  sulfate,  p-phenylphenol,  and  standard  metaldehyde 
reagents  were  prepared  as  follows  (5). 

sulfuric  acid-cupric  sulfate.  Add  5  ml  of  5%  cupric  sulfate  to  500  ml  of 
sulfuric  acid  and  mix  well. 

P-phenylphenol.  Dissolve  1  gram  crystalline  material  in  25  ml  of  hot  2 N 
sodium  hydroxide.  Add  75  ml  of  water.  Store  in  brown  bottle. 
metaldehyde.  Recrystallize  from  ether  and  ethyl  alcohol. 


PROCEDURE 

preparation  of  standard  curve.  Attach  a  test  tube  (15x150  mm) 
containing  5  ml  of  2%  sodium  bisulfite  solution  (freshly  prepared)  to  the 
reaction  apparatus  so  that  the  tip  of  the  exit  tube  from  the  second 
condenser  extends  to  the  bottom  of  the  solution.  Partly  immerse  the  test 
tube  in  an  ice  bath  during  reflux  and  distillation.  Chill  in  an  ice  bath  10  ml 
of  10%  aqueous  sulfuric  acid  (v/v)  in  a  50-ml  distilling  flask  containing  1 

6.  P.  A.  Giang  and  M.  S.  Schechter,  J.  Agr.  Food  Chem.,  6,  845  (1958). 


523 


Acetals,  Ketals,  and  Vinyl  Ethers 


to  2  mg  Of  Carborundum  powder.  Add  the  appropriate  volume  of  stan¬ 
dard  metaldehyde  in  chloroform  solution  and  attach  tt  to  the  apparatus. 
Reflux  the  mixture  for  15  minutes  while  water  maintained  at  f 
passed  through  both  condensers.  Then  drain  the  water  from  the  re  u\ 
condenser  and  distill  the  mixture  until  3  to  4  ml  remains.  Disconnect  e 
apparatus,  and  wash  both  condensers  and  the  delivery  tube  with  small 
portions  of  cold  water,  which  are  combined  with  the  distillate.  Separate 
the  chloroform  and  extract  with  three  10-ml  portions  of  cold  water,  which 
are  combined  with  the  aqueous  distillate  and  diluted  to  50  ml  in  a 
volumetric  flask.  Extract  the  solution  with  5  ml  of  redistilled  hexane  to 

remove  traces  of  chloroform. 

Mix  1  ml  of  the  aqueous  solution  by  swirling,  with  8  ml  of  cold  sulfuric 
acid-cupric  sulfate  reagent  in  a  15  x  150  mm  test  tube  partly  immersed  in 
an  ice  bath.  Add  the  p-phenylphenol  reagent  (0.2  ml)  in  a  similar  man¬ 
ner;  then  remove  the  tube  from  the  ice  bath  and  allow  to  stand  in  the 
dark  at  room  temperature  for  1  hour.  Heat  the  tube  in  a  water  bath  at 
100°C  for  90  seconds,  then  return  it  to  the  dark  for  about  30  minutes  to 
adjust  to  room  temperature.  With  distilled  water  in  the  reference  cell, 
determine  the  absorbance  at  572  nm.  Prepare  a  standard  curve  by  plot¬ 
ting  concentration  against  the  absorbance  corrected  for  the  blank  of  the 
reagents  carried  through  the  entire  process.  The  color  reaction  conformed 
to  Beer’s  law,  and  1  pg  of  acetaldehyde  produced  an  absorbance  of  about 
0.150. 


analysis  of  samples.  Prepare  chloroform  solutions  of  the  samples  for 
analysis  by  diluting  200  pi  of  each  to  50  ml  in  volumetric  flasks.  Calculate 
the  weights  of  the  samples  in  these  solutions  from  the  volumes  and  the 
specific  gravities  of  the  samples.  This  procedure  serves  to  minimize  any 
error  resulting  from  the  high  volatility  of  some  of  the  compounds.  Then 
dilute  each  solution  with  chloroform  to  contain  100  to  200  pg  of  com¬ 
bined  acetaldehyde  per  milliliter.  Analyze  both  1-  and  2-ml  aliquots  of 
each  solution  by  the  method  used  for  the  preparation  of  the  standard 
curve. 


RESULTS  AND  DISCUSSION 

Determinations  of  acetals  and  vinyl  ethers  were  first  attempted  by  the 
method  of  Giang  and  Smith  (5)  for  the  determination  of  metaldehyde,  but 
the  low  and  erratic  yields  of  acetaldehyde  indicated  that  a  more  vigorous 
hydrolysis  was  necessary.  Yields  were  increased  by  using  10%  sulfuric 
acid  tor  hydrolysis  instead  of  the  0.4% concentration  employed  by  Giang 
and  Smith.  Even  with  the  higher  acid  concentration,  quantitative  yields 
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were  obtained  only  after  the  reaction  mixture  had  been  refluxed  for  15 
minutes  prior  to  distillation.  The  introduction  of  cold  water  in  the 
condenser  during  the  reflux  period  was  especially  necessary  with  highly 
volatile  materials,  to  prevent  their  loss  by  distillation  before  the  hy¬ 
drolysis  could  be  effected. 

Confirming  the  experience  of  Stotz  (4),  it  was  found  that  8  parts  of  acid 
to  1  part  of  water  is  probably  the  most  practical  proportion  for  color 
development,  no  color  being  obtained  with  acid-water  ratios  of  2 : 1  or 
less.  No  better  substitute  for  p-phenylphenol  was  found,  although  2,4- 
dinitro-6-phenylphenol,  p-hydroxyazobenzene,  o-phenylphenol,  2- 
hydroxy-5(a-methylbenzyl)biphenyl,  2-chloro-4-phenylphenol,  ra-nitro- 
phenol,  4-phenylazo-m-cresol-l-naphthol,  and  -2-naphthol,  and  p-nitro- 
sophenol  were  tried.  Only  2-chloro-4-phenylphenol  produces  color,  but 
it  was  about  60%  as  strong  as  that  obtained  with  p-phenylphenol. 

The  data  in  Table  3  show  that  the  color  fades  after  development,  but 
any  error  in  fading  is  insignificant  when  absorbance  readings  are  made  at 
the  interval  designated  in  the  procedure.  The  absorbance  blank  differs 
with  each  preparation,  but  it  is  usually  0.030  to  0.040.  It  is  therefore 
advisable  to  run  a  blank  with  each  set  of  analyses. 


Table  3. 

Hours 

after 

First 

Reading 

Stability  of  Color  at  25°C 

Absorbance  Loss,  % 

In  Dark 

In  Artificial 
Light 

2 

0.6 

3.7 

6 

6.9 

10.0 

18 

13.4 

26.5 

26 

17.6 

33.2 

50 

30.7 

49.2 

The  results  of  determining  a  number  of  vinyl  ethers  and  acetals  of 
acetaldehyde  are  seen  in  Table  4.  In  all  instances  the  values  found  for 

acetaldehyde  were  within  3%  of  the  theoretical. 

The  method  has  been  used  to  determine  the  persistence  ot  Sesamex 

residues  on  glass  (Table  5).  The  presence  of  Sevin  (  1-75J>  ^Srfere 
(1  75%)  the  insecticides  that  Sesamex  synergizes  (7,  8),  did  not  interfere 
with  the  determination  of  the  synergist  in  chloroform  or  in  deodorize 

kerosene  solution. 

7  M  E  Eldefrawi  et  al..  Science ,  129,  898  (1959).  .  .  7Q 

8;  j  H .  Pales,  O.  F.  Bodenstein,  and  M.  Beroza,  Soap  and  Chem.  Specialties,  33  (2), 

(1957). 
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Table  4.  Recovery  of  Acetaldehyde  from  Compounds  Containing  Combined  Acetaldehyde 

Groups 


Amount, 


Compound 

Added,  /<g. 

Ether 

2-Butoxyethyl  vinyl 

343 

686 

Butyl  vinyl 

312 

624 

Isobutyl  vinyl 

306 

612 

2-Ethylhexyl  vinyl 

644 

1288 

Ethyl  vinyl 

300 

600 

Methoxyethyl  vinyl 

358 

716 

Acetaldehyde 

Diisobutyl  acetal 

656 

1312 

2-(2-Ethoxyethoxy)- 

ethyl  3,4-methylenedi- 

oxyphenyl  acetal 

(sesamex) 

904 

1808 


Acetaldehyde 

Recovered 


Acetaldehyde 
Equivalent,  //g. 

/*g- 

°/ 

/o 

105 

106 

101 

210 

207 

99 

137 

136 

99 

274 

274 

100 

134 

138 

103 

268 

265 

99 

181 

181 

100 

363 

364 

100 

183 

181 

99 

366 

363 

99 

154 

151 

98 

308 

301 

98 

166 

168 

101 

332 

331 

100 

134 

135 

101 

267 

275 

103 

Table  5.  Persistence  of  Sesamex  Residues  on  Glass 

Recovery,  mg./sq.  cm. 


Days  after 
Application 

Applied  in 
Chloroform 

Applied  in 
Deodorized 
Kerosene 

0 

0.55 

0.55 

3 

0.50 

0.50 

7 

0.50 

0.50 

10 

0.47 

0.47 

14 

0.47 

0.44 
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OH 


CH9=CH — O — R  CH.-CH 


H  + 


H  + 


OR 


OH 


CHoCH 


OH 


— h2o 


>  CHoCHO 


The  method  is  potentially  valuable  for  the  structure  determination  of 
compounds  with  combined  acetaldehyde  groups,  but  little  work  has  been 
done  on  this  problem.  This  potential  may  be  realized  when  the  present 
analysis  of  combined  acetaldehyde  groups  is  compared  with  that  of 
combined  formaldehyde  groups,  a  method  that  has  been  more  thoroughly 
studied  (9-11).  In  the  formaldehyde  analysis,  mineral  acids  liberate 
formaldehyde  from  methylene  groups  attached  to  oxygen,  nitrogen,  and 
sulfur:  for  example,  — 0CH20 — ,  — NCH2N — ,  — SCH2S — ,  — SCH2N — , 
— N=CH2  (9).  Acetals  of  acetaldehyde  behave  in  a  like  manner  when 
CH3CH  OR  hydrolyzes  with  acid  to  give  CH3CH  OH,  which  is  hydrated 
acetaldehyde.  Vinyl  ethers  hydrolyze  to  hemiacetals,  which  cleave  further 
to  give  acetaldehyde: 

OR 

/ 

ch3ch 


OR 


OH 


/ 

ch3ch 


OH 


Similarly,  it  would  be  expected  that  CH3CH<,  if  attached  like  the 
above-mentioned  methylene  to  nitrogen  or  sulfur,  would  yield  acetal- 

dehyde  on  acid  hydrolysis.  .  ,  , 

It  is  not  anticipated  that  all  compounds  with  combined  acetaldehyde 

groups  should  always  be  determined  by  the  procedure  reported  here. 


9.  M.  Beroza,  Anal.  Chem.,  26,  1970  (1954).  45) 

10.  C.  E.  Bricker  and  H.  R.  Johnson,  Ind.  Eng.  Chem  A*al.  Ed. ,  17,  - 

11.  C.  E.  Bricker  and  W.  A.  Vail,  Anal.  Chem.,  22,  - 
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Determination  of  combined  formaldehyde  groups  (9)  showed  that  more 
color  could  often  be  produced  by  varying  such  conditions  as  heating  time 
and  amounts  of  reagents.  Such  differences  would  be  expected  to  app  y 
also  to  the  determination  of  combined  acetaldehyde  groups. 

Another  potential  use  is  for  the  determination  of  end  ethylidene 

(Q-p _ CH=)  groups  in  a  manner  analogous  to  the  ingenious  procedure 

of  Bricker  and  Roberts  (12)  for  determining  end  methylene  groups.  The 
procedure  would  involve  oxidation  of  the  double  bond  to  a  vicinal  pair  of 
hydroxyl  groups,  which  could  then  be  split  by  periodic  acid  and  the 
resultant  acetaldehyde  distilled  and  determined: 

OH  OH 

CH3CH=CH — R  CH3CHCH-R  CH3CHO  +  RCHO 

This  type  of  analysis  has  already  been  carried  out  by  Huggins  and  Miller 
(13),  who  determined  1,2-propanediol  by  oxidizing  it  with  periodic  acid 
to  get  acetaldehyde  and  formaldehyde;  the  acetaldehyde  was  selectively 
aerated,  collected  in  bisulfite,  and  determined  colorimetrically. 

To  use  the  method  for  structural  determinations  would  require  full 
knowledge  of  interferences,  and  some  of  this  information  is  available. 
Barker  and  Summerson  (3)  listed  7 1  compounds  that  do  not  interfere 
when  present  in  50  to  100  times  the  amount  of  the  lactic  acid  for  which 
they  were  analyzing.  They  also  listed  a  number  that  do,  and  gave  means 
of  overcoming  interferences.  Their  analysis  is  similar  to  this  one.  Ethanol, 
acetylmethylcarbinol,  acetone,  and  2,3-butylene  glycol  do  not  interfere 
(3,  4).  Diacetyl  develops  a  green  color  in  the  analysis,  which  may  be 
destroyed  by  preliminary  treatment  with  periodic  acid  (4).  Lactic  and 
pyruvic  acids  interfere  and  undoubtedly  can  be  removed  by  preliminary 
treatment  with  an  ion-exchange  resin  in  a  manner  similar  to  that  of 
Markus  (14),  who  removed  interfering  cations.  Henry  et  al.  (15)  reported 
that  acetic  acid  gives  a  color  with  p-phenylphenol;  it  could  also  be 
removed  with  an  ion-exchange  resin. 

The  distillation  step  lends  specificity  to  the  analysis  by  separating  the 
highly  volatile  acetaldehyde  (b.p.  21°C)  from  the  nonvolatile  interfer¬ 
ences.  Thus  Barker  and  Summerson  (3),  Stotz  (4),  Westerfield  (16),  and 
Giang  and  Smith  (5)  were  able  to  determine  acetaldehyde  in  biological 
materials  without  interferences.  However  in  determining  metaldehyde  in 
plant  material,  Giang  and  Smith  washed  the  chloroform  extract  of  the 

12.  C.  E.  Bricker  and  K.  H.  Roberts,  Anal.  Chem .,  21,  1331  (1949). 

13.  G.  C.  Huggins  and  O.  N.  Miller,  J.  Biol.  Chem.,  221,  377  (1956). 

14.  R.  L.  Markus,  Arch.  Biochem .,  29,  159  (1950). 

15.  R.  J.  Henry,  J.  Lab.  Clin.  Med.,  33,  241  (1948). 

16.  W.  W.  Westerfield,  J.  Lab.  Clin.  Med.,  30,  1076  (1945). 


528 


Quantitative  Organic  Analysis 


plant  with  a  2%  sodium  bisulfite  solution  to  remove  free  acetaldehyde 
and  related  materials.  By  the  exercise  of  this  precaution,  their  blank  was 
kept  low.  The  separation  of  acetaldehyde  from  formaldehyde  (gives  green 
color  in  test)  by  aeration  has  been  mentioned  (15). 

As  in  most  highly  sensitive  methods,  care  must  be  taken  to  avoid 
contamination.  Lubricating  grease,  chromic  acid  (from  cleaning  solution), 
perspiration,  even  the  analyst’s  breath  in  blowing  out  a  pipet  have  been 
reported  to  interfere  with  the  acetaldehyde  determination  (3-5). 


11 
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Titration,  amide  formation,  bromination,  and  reaction  with  nitrous  acid 
are  the  reactions  most  commonly  used  to  determine  amino  groups. 
Titration  is  by  far  the  most  common  method  used.  Almost  any  amine  can 
be  titrated  either  in  water  or  in  certain  organic  solvents.  The  aliphatic 
amines  are  usually  basic  enough  to  be  titrated  directly  in  aqueous 
solutions  using  standard  acids.  They  have  dissociation  constants  ranging 
from  1CT3  to  1(T6.  The  aromatic  or  other  weakly  basic  amines  cannot  be 
titrated  in  water  but  can  be  successfully  titrated  in  solvents  to  be  discus¬ 
sed  later.  The  latter  amines  have  dissociation  constants  ranging  from  10  ; 
to  10~12. 

As  in  the  case  of  the  carboxylic  acids,  the  basicity  of  the  amines  varies 
little  with  structure  (except  aromatic  vs.  aliphatic)  or  with  position  in  a 
homologous  series.  Hence  unsubstituted  aliphatic  amines  have  approxi¬ 
mately  the  same  dissociation  constant  (see  Table  1).  Also,  unsubstituted 

Table  1.  Dissociation  Values 
for  Aliphatic  Aminesa 

Amine  nKa 


Methyl 

10.6 

Ethyl 

10.7 

Propyl 

10.6 

//-Butyl 

10.6 

//-Amyl 

10.6 

/7-Hexyl 

10.6 

/z-Heptyl 

10.7 

Heptadecyl 

10.6 

Isopropyl 

10.7 

Isobutyl 

10.4 

/e/7-Butyl 

10.8 

Isoamyl 

10.6 

Triethyl 

11.0 

“  E.  A.  Braude  and  F.  C. 
Nachod,  Determination  of  Or¬ 
ganic  Structures  by  Physical 
Methods,  Academic  Press, 
New  York,  1955,  p.  573. 
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aromatic  amines  have  approximately  the  same  dissociation  constant  (see 
Table  2).  Again  as  in  the  case  of  carboxylic  acids,  however,  the  basic 
strength  of  the  amine  varies  with  substituents  and  with  the  position  of  the 
substituent  (Tables  3  and  4.) 

The  alicyclic  amines  vary  in  basicity  depending  on  their  character. 
Alicyclic  amines  of  an  aromatic  character  such  as  pyridine  and  pyrrole  are 
weakly  basic.  Pyrrole  (pKa  0.4)  is  an  acid.  The  saturated  alicyclic  amines 
such  as  piperidine  and  pyrrolidine  are  more  strongly  basic.  Piperidine 

Table  2.  Dissociation  Values 
for  Aromatic  Aminesa 


Amine 

pKa 

Aniline 

4.6 

0-Methyl  aniline 

4.4 

m-Methyl  aniline 

4.7 

/?-Methyl  aniline 

5.1 

o-Phenyl  aniline 

3.8 

m-Phenyl  aniline 

4.2 

/7-Phenyl  aniline 

4.3 

Naphthylamine 

3.9 

jtf-Naphthylamine 

4.1 

a  E.  A.  Braude  and  F.  C. 
Nachod,  Determination  of  Or¬ 
ganic  Structures  by  Physical 
Methods,  Academic  Press, 
New  York,  1955,  pp.  590, 
599. 


Table  3.  Dissociation  Values  of  Substituted  Aliphatic  Amines 


Sub¬ 

stituent* 


pKa 


Methyl  Ethyl  Propyl  Butyl  Pentyl 

Amine  Amine  Amine  Amine  Amine 


None 

9.3 

ro2c— 

— 

HO— 

6.0 

c6H5— 

4.6 

h2n— 

8.1 

HOOC — 

— 

10.6 

7.8 

9.4 

2.3 


10.7 

9.1 

9.5 
9.8 

10.0 

3.6 


10.6 

9.7 

10.2 

10.7 
4.2 


10.6 

10.2 

10.4 

10.8 

4.3 


10.6 

10.4 

10.5 

11.1 

4.4 


*  On  position  on  opposite  end  of  the  molecule  to  the  amino  group. 

-  E  A.  Braude  and  F.  C.  Nachod.  Determination  of  Organic  Structures  by 

Physical  Means,  Academic  Press,  New  York,  1955,  pp.  575,  . 
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Table  4.  Dissociation  Values  for  Substituted  Anilines 

pKa 


Substituent 

Ortho 

Meta 

Para 

None 

4.6 

— 

— 

o2n— 

0.3 

2.5 

1.0 

h’ooc— 

2.0 

3.1 

2.3 

ch3ooc— 

2.2 

3.6 

2.3 

HO— 

4.7 

4.2 

5.5 

Br— 

2.6 

3.5 

3.9 

Cl— 

2.6 

3.3 

3.8 

F— 

3.0 

3.4 

4.5 

CH30 

4.5 

4.2 

5.3 

c6h5- 

3.8 

4.2 

4.3 

h2n — 

4.5 

4.9 

6.1 

a  E.  A.  Braude  and  F.  C.  Nachod,  Determination  of 

Organic  Structures 

by  Physical  Means , 

Academic 

Press,  New  York, 

1955,  p.  590. 

(pKa  11.1)  is  more  strongly  basic  than  many  aliphatic  amines.  Pyrrolidine 

(pKa  2.9),  although  more  basic  than  pyrrole,  is 

not  quite  as  basic  as 

aniline  (pKa  4.6).  Substitution 

on  these  compounds  also  markedly  affects 

their  basicity  (Table  5).  Note 

again  that 

when  a 

substituent  affects  the 

basic  strength  of  the  amino  group,  the  position  of  substitution  makes  a 

Table  5.  Dissociation  Values  for  Pyridine  and  Substituted 

Pyridinesa 

pKa 

Si  ihstitnent 

2  Position  3  Position 

4  Position 

None 

5.2 

_ 

. 

CH3- 

6.0 

5.7 

6.0 

CoH5- 

5.8 

5.7 

6.0 

Isopropyl — 

5.8 

5.7 

6.0 

f-Butyl — 

5.8 

5.8 

5.8 

F 

-0.4 

3.0 

_ 

Cl 

0.7 

2.8 

_ m 

Br 

0.9 

2.8 

_  i 

I 

1.8 

3.3 

_ _ 

OH 

0.8 

4.7 

3.1 

nh2 

6.7 

5.8 

9.0 

E.  A.  Braude  and  F.  C.  Nachod,  Determination  of 
Organic  Structures  by  Physical  Methods ,  Academic 
Press,  New  York,  1955,  p.  597. 
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difference  as  to  its  effect.  The  substituents  that  affect  basicity  generally 
exert  this  effect  greatest  when  they  are  in  the  2-position.  The  — NH2 
group  is  an  exception  which  the  data  indicate  shows  its  greatest  effect  in 
the  4-  position.  This  is  comparable  in  aniline  (Table  4),  where  the  — NHU 
in  the  para  position  exerts  the  greatest  effect. 

In  addition  to  titration,  reactions  with  anhydrides  can  be  used  to 
determine  primary  and  secondary  amines. 


RNH2 

+ 


O 

II 

R'CNHR  +  R'COOH 
O 


R2NH  R'C  R'CNR2  +  R'COOH 

\ 

o 


The  anhydride  methods  applicable  to  alcohols  (pp.  12-31)  are  also 
applicable  to  amines.  The  reactions  of  the  anhydrides  with  amines  are 
more  rapid  than  those  with  alcohols.  Although  the  titration  methods  for 
amines  are  preferred  because  of  their  speed  and  simplicity,  the  anhydride 
methods  can  be  readily  used  to  determine  primary  and/or  secondary 
amines  in  the  presence  of  tertiary  amines. 

Aromatic  amines  have  reactions  specific  to  them  which  can  be  used  for 
analysis.  For  example,  primary  aromatic  amines  can  be  diazotized  with 
nitrous  acid  which  can  be  measured. 


NHyHCl 


+  HONO 


N=NC1 

+  2H20 


Nitrous  acid  is  also  used  to  determine  aliphatic,  primary  amines.  The 
reaction  proceeds  as  follows  and  the  evolved  nitrogen  is  measured. 

RCH2NH2  +  HONO  —>  rch2oh  +  n2  +  h2o 


In  addition,  primary,  secondary,  and  tertiary  aromatic  amines  can  be 
brominated  much  like  phenols.  This  reaction  can  sometimes  be  applied 
for  analytical  purposes.  The  bromination  proceeds  in  the  unoccupied 
ortho  and  para  positions. 


Br 


Br  +  3HBr 
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Some  aromatic  amines  will  couple  with  diazonium  compounds,  and  this 
also  is  the  basis  of  an  analytical  method. 

NH2 

nh2<^  ^  +C1N=N{^  ^ 

—  nh2 

NH2/~^N=N<^J)  +  HCI 

In  addition  to  these  systems  of  analysis  for  amines,  there  are  other 
specialized  reactions  whose  main  application  is  to  the  analysis  of  indi¬ 
vidual  amines  in  mixtures  of  amines.  These  methods  are  described  later 
(pp.  567-633). 


Titration  Methods 


Amines  can  be  titrated  in  almost  any  solvent  in  which  they  can  be 
dissolved.  The  only  undesirable  solvents  for  amines  are  the  basic  solvents, 
since  these  solvents  depress  the  basicity  of  the  amino  groups  and  poor 
end  points  result. 

There  are  several  aspects  to  be  considered  in  selecting  a  solvent  for 
titrating  amines: 


1.  The  solvent  must  dissolve  the  sample  containing  the  amine. 

2.  The  solvent  should  be  such  that  the  basicity  of  the  amine  is  apparent 
enough  for  accurate  and  precise  titration. 

3.  The  solvent  must  not  react  with  the  amine. 

4.  If  more  than  one  amino  group  is  present,  a  solvent  may  be  used 
that  will  resolve  the  different  basicities  of  the  several  amino  groups. 


Amines  can  generally  be  titrated  in  a  wide  range  of  solvents  including 

acetic  acid,  dioxane,  ketones,  alcohols,  nitriles,  ethers,  glycols  nitro- 

methane,  and  mixtures  of  these  solvents  with  each  other  and  with 

hydrocarbons.  Hence  aspect  1  is  easily  satisfied;  a  solvent  is  generally 

available  that  will  dissolve  the  sample  and  in  which  the  amine  is  deter¬ 
minable. 

As  to  aspect  2,  water  is  a  suitable  solvent  for  aliphatic  amines  since 
ese  are  relatively  strong  bases  as  indicated  on  p.  529  and  in  Table  1 
The  more  weakly  basic  amines,  however,  such  as  aromatics  alicvclics 
alkaloids,  and  mtro-  or  carboxy-substituted  aliphatic  amines,  do  not  give 
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sharp  enough  end  points  in  aqueous  media  for  accurate  and  precise 
analysis.  The  acidic  solvents  generally  are  preferred  for  accurate  and 
precise  determination  of  amines,  especially  the  more  weakly  basic  amines. 
These  solvents  accentuate  the  basicity  more  markedly  than  do  the  more 
acidic  solvents.  Hence  acetic  acid  is  a  very  popular  solvent  for  amino 
group  determination.  Nitromethane  is  also  used  (1),  but  it  has  no  advan¬ 
tage  over  acetic  acid  except  that  it  may  dissolve  some  materials  not 
completely  soluble  in  acetic  acid.  Phenol  has  also  been  used  (2),  but  only 
because  the  polyamide  (nylon)  polymers  being  titrated  for  residual  amino 
groups  are  not  soluble  in  other  more  convenient  solvents. 

For  aspect  3,  the  solvents  for  determining  amines  must  be  carefully 
selected  since  some  solvents  will  react  with  certain  amines.  For  example, 
acetic  anhydride  is  a  very  good  solvent  for  titrating  very  weak  bases  (3); 
however  the  anhydride  reacts  with  primary  and  secondary  amines,  which 
is  not  desirable.  Even  though  the  amide  reaction  products  of  this  system 
are  still  titratable,  the  end  points  are  not  as  good  as  those  obtainable  for 
amines  in  other  solvents.  Ketone  solvents  should  be  avoided  for  primary 
amines,  especially  aromatic  primary  amines;  since  ketones  react  with 
primary  amines  to  yield  the  corresponding  imines,  which  are  more  weakly 
basic  than  the  original  amines. 

Ri  Ri 

\  \ 

C=0  +  RNH.,  —  C=NR  +  H„0 


Care  must  also  be  taken  with  ether  solvents  such  as  dioxane  and 
tetrahydrofuran,  since  these  often  contain  aldehydes  as  impurities.  These 
aldehydes  form  the  corresponding  imines  with  primary  amines  as  shown 
in  the  preceding  equation,  with  the  same  effect.  The  ether  solvents  should 
be  purified  by  the  method  used  for  dioxane,  as  indicated  below,  if  primary 

amines  are  to  be  determined  (p.  550). 

If  amino  groups  of  different  basic  strengths  are  present  (item  4  above), 
glacial  acetic  acid  is  to  be  avoided.  Although  this  solvent  intensifies  the 
basic  strengths,  it  also  has  a  “leveling”  effect  whereby  all  the  amino 
groups  exhibit  the  same  basic  strength.  Hence  in  glacial  acetic  acid, 
different  amino  groups  usually  are  all  titrated  together  and  cannot  be 
differentiated;  even  mixtures  of  aromatic  and  aliphatic  amines  that  differ 
widely  in  basicity  in  water,  the  basicities  in  acetic  acid  do  not  vary  much 

1.  C.  Streuli,  Anal.  Chem.,  31,  1652-4  (1959). 

2.  H.  J.  Stolten,  Private  Communication. 

3.  D.  C.  Wimer,  Anal.  Chem.,  30,  77-80  (1958). 
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at  all  Water  is  one  of  the  best  solvents  for  resolving  the  basicities  of  the 
different  amino  groups.  It  has  been  indicated  that  aliphatic  amines  can  be 
readily  titrated  in  water  but  that  aromatic  amines  cannot  be  titrated  at  all. 
In  aqueous  strong  salt  solutions,  weak  bases  such  as  aniline  can  be 
titrated,  and  yet  some  of  the  discriminating  features  of  water  are  main¬ 
tained  (pp.  537-44).  In  glycol  solvents  or  mixtures  of  glycols  with  other 
solvents  (see  Methods  below)  mixtures  of  amino  groups  can  readily  be 
resolved  and  determined.  Figure  11.1  shows  an  extreme  case  of  the 
titration  curve  of  a  compound  that  contains  four  amino  groups  of  compar¬ 
able  basicities.  This  titration  curve  shows  the  titration  of  triethyl- 
enetetramine  in  1 : 1  glycol-isopropanol;  three  inflection  points  are  visible 
(4).  Acetonitrile  is  another  solvent  recommended  for  resolving  amines.  Of 
lesser  significance  in  this  regard  are  alcohols  and  dioxane. 


WATER  SYSTEMS 


Water  Alone — Adapted  from  E.  F.  Hillenbrand,  Jr.,  and  C.  A.  Pentz 


[Reprinted  in  Part  from  Organic  Analysis,  Vol.  Ill,  Edited  by  J.  Mitchell,  Jr.,  et 
al,  Wiley -Interscience,  New  York,  1956,  pp.  192-3. 

Certain  water-soluble  amines  exhibit  sufficiently  strong  alkaline  dissoci¬ 
ation  in  aqueous  solution  to  ensure  a  satisfactory  end  point  using  either 
indicator  or  potentiometric  means.  These  compounds  react  stoichiometri- 
cally  with  hydrochloric  acid  in  water  to  form  the  corresponding  amine 


4. 


Fig.  11.1.  Titration  curve  for  triethylenetetramine  (4). 


S.  Siggia  and  H.  J.  Stolten,  An  Introduction 
Interscience,  New  York,  1956,  p.  69. 


to  Modern  Organic  Analysis,  Wiley- 
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hydrochloride.  The  amount  of  standard  hydrochloric  acid  required  for  the 
titration  is  a  direct  measure  of  the  amine  originally  present. 


REAGENT 

mixed  indicator.  Prepare  separate  solutions  of  0.1%  bromocresol  green  and 
0.1  /o  methyl  red  in  methanol.  Mix,  using  5  parts  of  the  bromocresol  green 
solution  and  1  part  of  the  methyl  red  solution.  Prepare  fresh  solutions  of  each 
indicator  and  a  new  mixture  every  two  weeks. 


PROCEDURE 


Transfer  50  ml  of  water  to  each  of  a  sufficient  number  of  250-ml 
glass-stoppered  Erlenmeyer  flasks  to  make  all  sample  determinations  in 
duplicate.  Add  6  to  8  drops  of  bromocresol  green-methyl  red  mixed 
indicator  and  make  neutral  by  the  dropwise  addition  of  hydrochloric  acid 
to  the  disappearance  of  the  green  color.  Into  each  flask  introduce  an 
amount  of  sample  containing  3  to  4  meq.  of  amine.  Swirl  the  flask  to 
effect  solution.  Titrate  with  standard  0.1N  hydrochloric  acid  to  the 
disappearance  of  the  green  color.  If,  because  of  sample  color,  it  is 
desirable  to  titrate  potentiometrically,  consult  Table  6  for  the  pH  at  the 
end  point  for  several  representative  amines.  Glass-calomel  electrodes  can 
be  used. 

Calculate  the  amount  of  amine  present: 


AxNxE.W. 
Grams  of  sample  x  10 


=  amine,  %  by  wt. 


where  A  is  milliliters  of  N  normal  hydrochloric  acid  required  and  E.W.  is 

the  equivalent  weight  of  the  amine. 

Table  6  shows  the  proper  sample  size  for  a  number  of  compounds  for 
which  this  procedure  was  found  satisfactory.  Also  included  are  some 
ionization  constants  Kb  and  the  pH  of  the  end  point  if  a  potentiometric 
titration  is  required.  Of  course,  the  potentiometric  data  can  be  plotted 
and  the  end  point  calculated.  The  sample  size  is  based  on  the  amount  of 
pure  amine  equivalent  to  25  to  40  ml  of  0.1  N  hydrochloric  acid. 

Although  the  foregoing  procedure  is  not  as  generally  applicable  as  the 
titration  of  amines  with  perchloric  acid  in  acetic  acid  medium  (see  pp. 
545-6),  the  method  is  often  used  as  a  control  of  the  quality  of  commer¬ 
cially  available  materials. 
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Table  6.  Titration  of  Amines  with  Hydrochloric  Acid  in  \N  ater 

Endpoint, 


Compound 

Kb 

Sample,  grams® 

pH 

Butylamine 

4.1  x  10-4b 

0.18  to  0.29 

6.4 

A-Butyldiethanolamine 

5.4  x  10-6c 

0.40  to  0.65 

5.4 

Diethanolamine 

6.0  x  10“6c 

0.26  to  0.42 

5.4 

Diethylamine 

1.3  x  10"3b 

0.20  to  0.28 

— 

Diisopropanolamine 

2.0  x  10“oc 

0.36  to  0.44 

■ 

Diisopropylamine 

3.7  x  10“4c 

0.30  to  0.38 

' 

Dimethylethanolamine 

1.3  x  10-°c 

0.26  to  0.34 

— 

Ethylamine 

5.6  x  10~4b 

0.16  to  0.22d 

— 

Ethylenediamine 

8.5  x  10"5& 

0.08  to  0.14 

4.5 

Hexylamine 

1.3  x  10~4c 

0.25  to  0.40 

6.3 

A-(2- Hydroxy  ethyl)morpholine 

6.5  x  10“8c 

0.33  to  0.52 

4.5 

Isopropylamine 

4.3  x  10~4b 

0.18  to  0.22 

— 

TV-Methylmorpholine 

1.7  x  10~7c 

0.25  to  0.40 

4.6 

Monoethanolamine 

2.8  x  10~5b 

0.15  to  0.25 

6.1 

Morpholine 

3.3  x  10~6c 

0.22  to  0.35 

5.1 

y-Picoline 

6.3  x  10~9c 

0.23  to  0.37 

4.0 

Piperazine  Kx 

=  6.4  x  10-5b 

0.11  to  0.17 

4.0 

K 2 

=  3.7  x  10-9b 

Triethanolamine 

3.1  x  10-7c 

0.37  to  0.60 

5.0 

Triethylamine 

5.7  x  10-4b 

0.36  to  0.44 

— 

Triethylene  glycol  3-aminopropyl 

ether 

6.6  x  10-5c 

0.52  to  0.83 

6.0 

a  Weigh  the  samples  to  the  nearest  0.1  mg.  in  the  most  convenient  manner. 

From  Lange,  Handbook  of  Chemistry ,  Handbook  Publishers,  Sandusky, 
Ohio. 

c  From  Carbide  and  Carbon  Chemicals  Co.,  unpublished  data. 
d  Use  a  sealed-glass  ampule. 


Aqueous  Strong  Salt  Solutions— Adapted  from  F.  Critchfield  and  J.  B.  Johnson 

[ Reprinted  in  Part  from  Anal.  Chem .,  30 ,  1247-9  (1958)] 

Neutral  salts  enhance  the  potentiometric  break  for  the  titration  of  weak 

bases  with  aqueous  mineral  acids.  This  effect  and  some  if  its  analytical 
applications  are  discussed  here. 


apparatus  and  reagents 

All  potentiometric  titrations  were  performed  using  a  Leeds  &  Northrup  line- 
operated  pH  meter  equipped  with  glass  and  calomel  electrodes 
All  salts  were  Baker’s  Analyzed  Reagents,  J.  T.  Baker  Chemical  Company 
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DISCUSSION 


The  ability  of  a  neutral  salt  to  enhance  the  potentiometric  break  in  the 
acidimetric  titration  of  a  weak  base  is  demonstrated  in  Fig.  11.2.  Curve  1 
is  the  potentiometric  titration  of  aniline  in  water  with  0.5 N  hydrochloric 
acid.  Obviously,  the  amine  is  too  weak  (K  =  3.8  x  10-1°)  to  be  titrated 
satisfactorily  under  these  conditions.  The  same  titration  in  7M  sodium 
iodide  gives  a  potentiometric  break  that  is  satisfactory  for  precise  analyti¬ 
cal  measurements. 


Fig.  11.2.  Potentiometric  titration  of  aniline:  1,  in 
water;  2,  in  7M  aqueous  sodium  iodide. 


The  potentiometric  curves  in  Fig.  11.3  were  obtained  for  the  titration 
of  aniline  in  solutions  containing  various  concentrations  of  sodium  iodide. 
For  sake  of  clarity,  the  curves  have  been  displaced  along  the  abscissa,  and 
only  the  end  point  portions  are  shown.  These  curves  show  that  the 


\H20 

«^1M 

4M 

^6M 

\  8M 

■*2  mlr> 

Ml.  0.5 N  hydrochloric  acid 


Fig.  11.3.  Potentiometric  titration  of  aniline  in  aqueous  sodium 
iodide  solutions. 
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■  enhancement  of  the  potentiometric  break  by  neutral  salts  is  a  definit 
function  of  the  salt  concentration  and  is  noticeable  at  a  sodium  iodide 
concentration  of  1 M.  For  this  series  of  curves  the  sharpest  potentiometric 
break  is  obtained  at  a  concentration  of  8 M  sodium  iodide.  .... 

An  examination  of  the  curves  in  Fig.  11.2  shows  that  the  initial 
portions  of  the  curves  for  the  titration  of  aniline  in  water  and  in  7M 
sodium  iodide  are  superimposed.  This  suggests  that  the  pH  of  weak  bases 
is  independent  of  salt  concentration.  After  aniline  is  neutralized,  the  pH 
of  the  titration  solution  is  dependent  on  the  amount  of  excess  hydro¬ 
chloric  acid  present  and  is  independent  of  aniline  hydrochloride.  The  curve 
in  Fig.  11.4  shows  that  the  pH  of  0.01 92 A4  hydrochloric  acid  decreases 
linearly  with  sodium  iodide  concentration.  At  a  concentration  of  7 M  the 
solution  has  a  pH  of  zero.  An  aqueous  solution  containing  the  same 
concentration  of  hydrogen  ion  has  a  pH  of  1.8.  An  inspection  of  curve  2, 
Fig.  11.2,  shows  that,  in  the  titration  of  aniline  in  7M  sodium  iodide,  the 
addition  of  4.0  ml  of  excess  hydrochloric  acid,  which  makes  the  solution 
0.0192 M,  lowers  the  pH  of  the  titration  solution  to  -0.10.  This  value 
corresponds  with  the  value  of  zero  predicted  by  the  curve  in  Fig.  11.4. 

Although  the  explanation  of  the  enhancement  of  the  potentiometric 
break  by  neutral  salts  is  unknown,  the  mechanism  must  be  associated  with 
the  decrease  of  pH  of  mineral  acids  by  neutral  salts,  because  the  mag¬ 
nitude  of  this  decrease  shows  up  in  the  potentiometric  break. 

Any  salt  of  a  fairly  strong  base  and  a  strong  acid  will  enhance  the 
potentiometric  break  for  the  titration  of  weak  bases.  Among  the  effective 
salts  are  sodium  chloride,  lithium  chloride,  sodium  iodide,  and  calcium 
chloride.  Salts  of  strong  bases  and  weak  acids  inhibit  the  potentiometric 
break,  as  would  be  expected  because  they  are  appreciably  basic.  Sodium 


sulfate  normally  considered  a  salt  of  a  strong  acid  and  a  strong  base,  also 
inhibits  the  break  in  the  titration  of  aniline.  This  suggests  that  the  acid 
from  which  the  salt  is  derived  must  have  an  ionization  constant  greater 
than  lx  10  2  in  order  to  exhibit  this  effect. 


Fig.  11.4.  Effect  of  sodium  iodide  con¬ 
centration  on  pH  of  0.0192M  hydro¬ 
chloric  acid. 
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INDICATORS 

In  general,  the  pH  at  which  indicators  change  color  in  strong  solutions 
of  neutral  salts  is  the  same  as  in  water.  Table  7  lists  the  approximate  pH 
range  at  which  certain  indicators  change  color  in  water,  8 M  lithium 
chloride,  and  4.5 M  calcium  chloride.  These  indicators  were  selected  to 
cover  the  pH  range  from  1.5  to  7.5  and  are  recommended  for  use  in 
strong  salt  solutions.  Certain  indicators  are  subject  to  salt  effects  that  shift 
the  pH  of  their  color  transition.  Among  these  are  bromophenol  blue, 
bromocresol  green  and  phenolphthalein.  The  indicators  listed  in  Table  7 
are  free  from  salt  effects  and  behave  in  salt  solutions  as  they  do  in  water. 


Table  7.  Behavior  of  Indicators  in  Strong  Salt  Solutions 


Indicator 


Color  Change, 
Acid  to  Base 


Medium0 


Approximate 
pH  Range 


Thymol  blue 


M-Alka  Ver 


Methyl  orange 


Methyl  red 


Red  to  orange 


Red  to  green 


Red  to  orange 


Red  to  yellow 


Bromothymol  blue  Yellow  to  blue 


Lithium 

Calcium 

Water 

Lithium 

Calcium 

Water 

Lithium 

Calcium 

Water 

Lithium 

Calcium 

Water 

Lithium 

Calcium 

Water 


chloride 

chloride 

chloride 

chloride 

chloride 

chloride 

chloride 

chloride 

chloride 

chloride 


1.5  to  2.7 

1.5  to  3.0 

1 .9  to  2.6 
3.0  to  4.0 

2.9  to  4.2 

3.3  to  4.2 
4.1  to  5.5 
4.0  to  5.0 

4.1  to  5.0 

5.6  to  6.4 

5.4  to  6.4 
5.4  to  6.4 

6.2  to  7.5 
6.1  to  7.4 
6.0  to  7.6 


"  «  All  salt  solutions  are  aqueous.  Lithium  chloride,  8 M;  calcium  chloride, 

4.5AT 

The  data  in  Table  8  show  the  purities  of  some  weak  bases  as  obtained 
bv  titration  with  aqueous  0.5  N  hydrochloric  acid  in  various  salt  solution 
media  using  indicators  specified  in  Table  7.  Comparison  with  the  punt.es 
obtained  by  titration  in  acetic  acid  medium  using  perchloric  acid  as  the 
titrant  and  crystal  violet  indicator  shows  generally  good  agreement.  The 
indicator  method  is  limited  by  the  lack  of  indicators  that  can  be  used 
below  pH  2.0.  Thymol  blue  cannot  be  used  for  amines  with  an  ionization 

i<!iln  constant  of  the  third  amino  nitrogen  of 
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Table  8.  Titration  of  Weak  Bases  in  Strong  Salt  Solutions 


Purity,  %  by  wt. 


Compound 

Ionization 

Constant 

Medium 

Indicator 

Salt 

Solution 

Other® 

Diethyl- 

amine 

1.3 

x  10-3 

4 

Calcium  chloride, 
4.5  M 

Methyl  red 

98.0 

98.2 

Triethanol¬ 

amine 

4.5 

x  10-7 

Sodium  chloride, 
6M 

Methyl  orange 

102.1 

102.6 

y-Picoline 

1.1 

x  10~8 

Lithium  chloride, 
8M 

Thymol  blue 

95.6 

95.4 

Pyridine 

1.7 

x  10-9 

Lithium  chloride, 
8A7 

Thymol  blue 

99.1 

99.6 

Aniline 

3.8 

x  10-10 

Lithium  chloride, 
8M 

Thymol  blue 

99.8 

99.4 

Diethylene¬ 

triamine 

4.7 

x  10-llb 

Lithium  chloride, 
8  A7 

Thymol  blue 

99.3 

99.4 

Sodium 

acetate 

Sodium  iodide, 

8  M 

Thymol  blue 

100.0 

99.4 

a  By  titration  in  acetic  medium  with  perchloric  acid  using  crystal  violet 
indicator. 

b  Corresponds  to  ionization  of  third  amino  nitrogen  (K3). 


diethylenetriamine  is  4.7  x  10-11.  This  compound  can  be  titrated  satisfac¬ 
torily  using  thymol  blue.  The  ionization  constant  of  the  fourth  amino 
nitrogen  of  triethylenetetramine  is  approximately  lxlCT12;  this  group 
cannot  be  titrated  in  salt  solutions  using  thymol  blue.  Possibly  other 
indicators  will  eventually  be  found  that  can  be  used  below  pH  1.5. 


DIFFERENTIATING  TITRATIONS 

The  curves  in  Fig.  11.5  show  the  potentiometric  titration  of  diethylene¬ 
triamine  in  water  and  in  6 M  sodium  iodide.  The  first  break  obtained  in 
the  aqueous  titration  corresponds  to  the  neutralization  of  two  of  the 
amino  nitrogens  of  the  molecule.  After  two  of  the  amino  nitrogens  have 
been  neutralized,  the  third  nitrogen  is  too  weak  (K3  =  4.7  x  10~n)  to  be 
titrated  in  water,  and  only  a  small  inflection  can  be  observed  in  curve  1 
for  this  end  point.  In  6 M  sodium  iodide  two  sharp  breaks  are  obtained 

that  correspond  to  the  neutralization  of  the  second  and  third  amino 
nitrogens  of  this  compound. 
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Fig.  11.5.  Potentiometric  titration  of  diethylenetriamine:  1,  in 
water;  2,  in  6M  aqueous  sodium  iodide. 


The  curves  in  Fig.  11.6  show  the  potentiometric  titration  of  triethylene- 
tetramine  in  water  and  in  8 M  sodium  iodide.  The  first  inflection  that 
occurs  in  the  aqueous  titration  corresponds  to  the  neutralization  of  two  of 
the  amino  nitrogens.  The  second  inflection  corresponds  to  the  neutraliza¬ 
tion  of  three  nitrogens.  After  three  of  the  amino  nitrogens  have  been 
neutralized,  the  fourth  is  too  weak  (K4  =  1  x  1CT12)  to  be  titrated  in  water. 


Fig.  11.6.  Potentiometric  titration  of  triethylenetetramine.  1,  in 
water;  2,  in  8 M  aqueous  sodium  iodide. 
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In  8 M  sodium  iodide  three  inflections  are  obtained  that  correspond  to  the 

neutralization  of  two,  three,  and  four  nitrogens. 

Titrations  in  strong  salt  solutions  should  find  considerable  applicability 
in  the  analysis  of  polyfunctional  amines  such  as  the  ethyleneamines.  e 
titration  of  the  individual  amino  nitrogens  of  compounds  of  this  class  is 
difficult  to  obtain.  In  water,  as  shown  in  Figs.  11.5  and  11.6,  breaks  can 
be  obtained  for  the  neutralization  of  one-half,  two-thirds,  or  three- 
fourths  of  these  molecules;  however  the  breaks  for  the  total  neutraliza¬ 
tion  are  usually  obscure.  Total  neutralization  values  can  be  obtained  for 
these  compounds  in  acetic  acid  or  other  acidic  solvents,  but  acidic 
solvents  cannot  be  used  to  differentiate  the  individual  amino  nitrogens. 

Nondissociating  compounds  such  as  acetonitrile  (5)  or  methyl  isobutyl 
ketone  (6)  are  usually  good  differentiating  solvents.  When  diethylenetri- 
amine  or  similar  compounds  are  titrated  in  these  media,  insoluble  salts 
form  prior  to  complete  neutralization.  This  limits  the  use  of  these 
differentiating  solvents  for  the  analysis  of  polyfunctional  amines.  A  com¬ 
parison  of  the  curves  in  Figs.  11.5  and  11.6  shows  that  the  differentiating 
powers  of  water  are  essentially  unaffected  by  the  addition  of  neutral  salts. 
The  only  effect  obtained  is  an  enhancement  of  the  sharpness  of  the 
potentiometric  break  for  the  weaker  amino  nitrogens.  In  this  respect, 
titrations  of  weak  amines  in  salt  solutions  appear  to  have  certain  advan¬ 
tages  over  titrations  in  other  media. 

The  potentiometric  titration  curves  in  Fig.  11.7  show  the  application  of 
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Fig.  11.7.  Potentiometric  titration  of  triethylamine- 
pyridine  mixtures:  1,  in  water;  2,  in  6M  aqueous 
sodium  chloride. 

*  Compare  this  titration  to  that  in  Fie  111  where  ™  ,  .  . 

_ ,  •  ...  Ai.i,  wnere  tne  same  compound  is  titrated  in  1  •  1 

glycol-isopropanol  with  the  four  amino  groups  titrating 
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this  technique  to  the  differentiation  of  a  mixture  of  triethylamine  and 
pyridine.  As  indicated  by  curve  1,  water  is  a  good  medium  for  the 
titration  of  strong  amines  in  the  presence  of  weak  amines  but  cannot  be 
used  for  the  reverse  determination.  Because  neutral  salts  enhance  the 
potentiometric  break  for  weak  amines  without  affecting  the  differentiating 
powers  of  water,  strong  salt  solutions  are  applicable  to  the  resolution  of 
mixtures  of  weak  and  strong  amines.  Titrations  of  this  type  can  also  be 
done  in  nondissociating  solvents  such  as  acetonitrile  (5)  and  methyl 
isobutyl  ketone  (6).  In  most  cases  comparable  results  should  be  obtained 
by  these  methods.  In  cases  where  the  amines  form  insoluble  salts  in 
nonaqueous  media,  titrations  in  salt  solutions  may  have  certain  advan¬ 
tages. 


SCOPE 


Strong  solutions  of  neutral  salts  enhance  the  potentiometric  break  for 
the  titration  of  most  bases.  Because  of  the  lack  of  suitable  indicators,  the 
indicator  method  cannot  be  used  satisfactorily  for  amines  with  ionization 
constant  less  than  lxlCT11.  The  potentiometric  method  cannot  be  used 
for  amines  with  ionization  constants  less  than  1x10  12.  The  method  is 
not  applicable  to  the  titration  of  amino  acids  but  can  be  used  for  the 
titration  of  certain  salts  of  weak  acids  and  strong  bases.  The  method  has 


unique  applicability  for  the  titration  of  the  individual  amino  nitrogen  of 
polyfunctional  amines  and  is  applicable  to  the  differentiating  titration  of 

bases  in  general. 

The  volume  of  aqueous  titrant  that  can  be  introduced  into  the  titration 
medium  is  dependent  on  the  amount  of  dilution  that  can  be  tolerated 
without  affecting  the  potentiometric  break.  Usually  a  10  to  15%  dilution 
will  not  appreciably  affect  the  end  point  if  the  salt  solution  is  originally  7 

to  8  M. 

Organic  bases  such  as  aniline,  which  have  low  water  solubility,  are  even 
less  soluble  in  strong  salt  solutions.  In  some  cases  these  amines  can  be 
titrated  into  solution  because  their  salts  are  normally  more  soluble.  Small 
amounts  of  methanol  can  be  used  to  solubilize  amines  without  precipitat¬ 
ing  excessive  quantities  of  salts.  When  cosolvents  are  necessary  lithium 
chloride  is  usually  the  salt  of  choice  because  of  its  organic  solubility, 

particularly  in  methanol. 


5.  J.  S.  Fritz,  Anal.  Chem.,  25,  407  (1953) 

6.  D.  B.  Bruss  and  G.  E.  A.  Wyld,  Anal.  Chem..  29,  232  (1957). 
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ACETIC  ACID  SYSTEM 

Adapted  from  J.  Fritz 

[Anal.  Chem .,  22,  1028-9  (1950)] 

In  glacial  acetic  acid  the  titration  curves  are  so  accentuated  that  even 
good  indicator  end  points  can  be  obtained. 


REAGENTS 

Perchloric  acid,  0.1N.  Dissolve  about  8.5  ml  of  70%  perchloric  acid  in  1  liter  of 

olacial  acetic  acid.  Add  15  ml  of  acetic  anhydride  cautiously  in  small  portions,  and 
& 

allow  to  stand  overnight. 

Sodium  acetate  solution,  0.1N,  to  standardize  the  perchloric  acid.  Dissolve  a 
weighed  portion  (about  0.53  gram)  of  dried  sodium  carbonate  in  enough  acetic 
acid  to  make  100  ml  of  solution.  Potassium  acid  phthalate  makes  a  very  good  and 
also  convenient  standard. 

Methyl  violet  indicator  or  naphthol  benzein,  0.25%  solution  in  acetic  acid. 


PROCEDURE 


The  regular  acid-base  titration  is  the  procedure  used  here  except  that 
25  to  50  ml  of  glacial  acetic  acid  is  used  as  a  solvent.  The  methyl  violet 
indicator  changes  from  the  violet  to  a  green,  and  the  naphthol  benzein 
goes  from  a  yellow  to  a  green.  Either  indicator  can  be  used.  This  solvent 
can  be  used  for  a  potentiometric  titration,  using  the  standard  pH  meter 
with  glass  and  calomel  electrodes.  Another  set  of  electrodes  can  be  used 
for  this  system,  the  glass  electrode  as  indicator  electrode  and  a  silver  wire 
with  a  thin  coating  of  silver  chloride  as  the  reference  electrode. 

To  test  this  procedure,  aniline,  pyridine,  N-ethyl  aniline,  N,N-diethyl 
aniline,  a-naphthylamine,  and  quinoline  were  used.  Good  indicator  end 
points  were  obtained  for  these  compounds.  Fritz  also  used  brucine  and 
benzylamine.  The  procedure  is  generally  applicable  to  weak  bases  with 
dissociation  constants  down  to  1(T10.  The  end  points  obtained  in  acetic 
acid  are  generally  sharper  than  those  obtained  in  nonacid  solvents,  and 
accuracy  and  precision  of  ±0.3%  can  easily  be  obtained 

As  indicated  on  page  534,  acetic  acid  is  highly  recommended  for  sharp 
end  points  but  not  for  resolving  mixtures  of  amines,  since  all  will 
generally  titrate  together  with  one  end  point. 
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GLYCOL  SOLVENTS  AND  SOLVENT  MIXTURES 

The  procedure  of  S.  Palit  for  determining  carboxylic  salts  (pp.  166-8) 
can  also  be  used  for  titrating  amines.  The  glycol  systems  do  not  yield  as 
sharp  end  points  as  the  acetic  acid  system  does,  but  they  do  yield  much 
better  end  points  for  the  weaker  amines  than  does  water.  The  glycol 
solvent  systems  generally  have  a  high  discrimination  for  different  amines 
of  relatively  small  differences  in  basicity  (see  discussion,  p.  534). 


KETONE  SOLVENTS 


Methyl  Isobutyl  Ketone  and  Methyl  Ethyl  Ketone— Adapted  from  D.  B.  Bruss 
and  G.  E.  A.  Wyld 


[Anal.  Chem.,  29,  232-5  (1957)] 


REAGENTS 

Perchloric,  acid  0.2 N,  in  dioxane.  The  appropriate  amounts  of  70  to  72% 
perchloric  acid  are  dissolved  in  dioxane  that  has  been  refluxed  over  potassium. 


PROCEDURE 

In  the  desired  ketone,  dissolve  a  sample  containing  an  amount  of  amine 
to  give  an  optimum  size  titration  with  the  titration  devices  used.  Titrate 
the  solution  with  the  perchloric  acid  reagent  using  a  glass  indicator 
electrode  and  a  calomel  (sleeve-type)  electrode.  The  titrations  are  best 
carried  out  potentiometrically. 


ACETONE 


Acetone  can  be  used  as  a  solvent  for  titrating  amines  using  the  same 
acid  titrant  as  previously  for  the  other  ketone  solvents,  or  the  acid  titrants 
used  in  the  glycol-solvent  system  above  can  be  used.  The  ketones  must  be 
avoided  in  titrating  primary  amines  for  the  reasons  given  earlier  (p.  534). 
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DIOXANE  SYSTEM 


Adopted  from  J.  Fritz 


[Reprinted  in  Part  from  Anal.  Chem.,  22,  578  9  (1959)] 

Dioxane  serves  as  an  excellent  solvent  for  the  titration  of  most  organic 
bases.  The  titrating  acid  is  a  solution  of  perchloric  acid  in  dioxane,  which 
may  be  kept  for  several  weeks  with  little  change  in  titer.  Modified  methyl 
orange  (xylene  cyanol)  or  methyl  red  serves  as  indicator,  giving  sharp  end 
points.  The  titration  of  most  bases  may  thus  be  quickly  and  conveniently 
carried  out. 


NITROGEN  HETEROCYCLIC  BASES 


Pyridine  (Kb  =  1.4  x  10-9),  although  too  weak  to  be  titrated  accurately 
in  water,  can  be  easily  determined  by  titration  in  dioxane  to  the  modified 
methyl  orange  end  point.  During  the  titration,  pyridine  perchlorate  comes 
down  as  a  slight  soluble  white  precipitate.  This  precipitate  in  no  way 
interferes  with  the  end  point — in  fact,  it  is  chiefly  responsible  for  the 
sharpness  of  the  end  point  because  the  pyridinium  ion  is  thus  effectively 
removed  from  solution. 

2,2'-Bipyridine  and  1,10-phenanthroline  may  be  titrated  as  monoacid 
bases  in  dioxane  to  the  modified  methyl  orange  end  point  or  in  ethyl 
ether  to  the  methyl  red  end  point.  The  perchlorate  salt  of  these  bases 
precipitates  during  the  titration.  Brucine  (Kx  =  9 x  1(T7,  K2  =  2x  10-12)  is 
insufficiently  soluble  in  water  to  be  titrated  directly,  but  in  dioxane  it  may 
be  conveniently  titrated  as  a  monoacid  base.  Brucine  monoperchlorate  is 
precipitated.  2,6-Lutidine  gives  an  extremely  sharp  end  point  with  mod¬ 
ified  methyl  orange;  an  emulsion  is  formed  during  the  titration. 
Hexamethylenetetramine  (Kb  =  8x  10  10)  can  also  be  successfully  titrated 
in  dioxane  with  modified  methyl  orange  indicator.  It  is  usually  difficult  to 
get  hexamethylenetetramine  completely  in  solution  without  using  exces¬ 
sive  amounts  of  dioxane.  If  the  titration  is  carried  out  slowly  with  efficient 
stirring,  however,  accurate  results  are  obtained  even  if  solution  of  the 
original  sample  was  not  complete. 

Quantitative  results  for  the  titrations  above  are  given  in  Table  9 
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Table  9.  Titration  of  Heterocyclic  Bases  with  Perchloric  Acid  in  Dioxane 


Weight 


Base 

Taken, 

grams 

hcio4 

Used,  ml. 

hcio4,  n 

Purity,  % 

Pyridine 

0.1987 

24.87 

0.0994 

98.39 

0.1483 

18.64 

98.81 

0.2373 

29.70 

98.39 

0.1622 

20.30 

98.39 

Av. 

98.50 

2,6-Lutidine 

0.2179 

20.00 

0.0992 

97.58 

0.2613 

23.98 

97.57 

Av. 

97.58 

2,2'-Bipyridine 

0.2105 

13.65 

0.0988 

100.01 

0.3000 

19.43 

99.89 

0.3167 

20.50 

99.83 

0.3175 

20.59 

100.02 

Av. 

99.94 

1 , 1 0-Phenanthroline 

0.3596 

18.20 

0.0994 

99.67 

0.4168 

21.03 

99.36 

0.3700 

18.70 

99.53 

Av. 

99.51 

Brucine 

0.4700 

12.20 

0.0976 

99.88 

0.7590 

19.72 

99.97 

0.7486 

19.47 

100.07 

Av. 

99.97 

AMINES 

The  titration  of  aniline  in  dioxane  was  attempted,  but  both  the  modified 
methyl  orange  and  methyl  red  end  points  are  very  poor.  No  precipitate 
appears  during  the  titration.  Aliphatic  amines  can  be  successfully  titrated 
in  dioxane,  even  though  the  perchlorate  salt  of  the  amine  does  not 
precipitate.  As  an  example,  benzylamine  was  titrated  in  both  dioxane  and 
ethyl  ether  using  as  indicators  modified  methyl  orange  and  methyl  red, 
respectively.  The  results  obtained  by  this  titration  agree  with  those 
obtained  by  titrating  benzylamine  in  water  with  aqueous  perchloric  acid 

(Table  10). 
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Table  10.  Titration  of  Benzylamine  with  Perchloric  Acid  in  Dioxane  and  Water 


Weight 


Solvent 

Taken, 

grams 

HC104 
Used,  ml. 

hcio4,  n 

Purity,  % 

Water 

0.2075 

19.48 

0.0977 

98.31 

0.2330 

21.83 

98.11 

Av. 

98.21 

Dioxane 

0.2342 

21.55 

0.0996 

98.24 

0.2561 

23.52 

98.06 

Ether 

0.2262 

20.86 

98.46 

Av. 

98.25 

INTERFERENCES 

Water  and  alcohols  interfere  with  all  the  previously  described  titrations. 
The  indicator  blank  with  both  modified  methyl  orange  and  methyl  red  in 
90%  dioxane-10%  water,  for  example,  amounts  to  several  milliliters  of 
0.1N  perchloric  acid.  The  conversion  of  these  indicators  to  their  acid 
colors  is  very  gradual.  Alcohols  interfere  in  a  similar  manner  to  water,  but 
not  to  such  a  great  extent.  Ketones,  aldehydes,  hydrocarbons,  nitro¬ 
benzene,  and  most  carboxylic  acids  do  not  interfere.  Table  11  gives  the 
results  obtained  by  titrating  hexamethylenetetramine  in  the  presence  of 
various  impurities. 


Table  11.  Titration  of  Hexamethylenetetramine  in  the  Presence  of  0.5  to  1  gram  of 

Added  Impurities 


Weight 

Taken, 

grams 


0.2716 

0.3271 

0.2464 

0.2771 

0.2862 


Impurity 


HCIO. 


Used,  ml.  HCI04,  N  Purity,  °/0 


None 

19.93 

0.0972 

99  99 

CH3COCH(CH3)2 

24.00 

0.0972 

99  98 

None 

18.05 

0.0972 

99  82 

rm-Butyl  alcohol 

20.50 

0.0972 

1  on  80 

Nitrobenzene 

21.01 

0.0972 

100.03 
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PROCEDURE 

Weigh  a  sample  of  the  proper  size  and  dissolve  it  in  dioxane  or  ethyl 
ether  (25-50  ml  of  solvent  usually  suffices).  Add  2  drops  of  indicator 
(modified  methyl  orange  or  methyl  red  for  dioxane;  methyl  red  for  ether) 
and  titrate  the  solution  with  perchloric  acid.  One  drop  or  less  of  0.1N 
acid  is  usually  sufficient  to  give  a  sharp  color  change  at  the  end  point.  In 
titrations  where  a  precipitate  is  formed,  the  use  of  a  magnetic  stirrer  is 
recommended  but  not  required. 

Prepare  the  perchloric  acid  solution  by  dissolving  approximately  8.4  ml 
of  72%  perchloric  acid  in  1  liter  of  dioxane.*  This  solution  is  standardized 
against  diphenylguanidine.  Diphenylguanidine  is  an  excellent  primary 
standard  because  it  is  readily  available,  easily  purified,  nonhygroscopic, 
easily  soluble  in  dioxane  and  ether,  has  a  high  equivalent  weight,  and  is  a 
strong  base. 

DISCUSSION 

The  samples  of  2,2'-bipyridine,  brucine,  and  hexamethylenetetramine 
were  known  to  be  of  very  high  purity.  The  fact  that  their  purity  was  in 
each  case  very  close  to  100%,  as  determined  by  titration  in  dioxane, 
indicates  that  this  method  is  capable  of  great  accuracy.  This  would  also 
seem  to  confirm  the  advisability  of  using  diphenylguanidine  as  a  primary 
standard. 


The  ionization  of  most  acids  and  bases  dissolved  in  dioxane  and  other 
solvents  with  low  dielectric  constants  is  very  slight.  (An  exception  would 
be  solvents  possessing  pronounced  acid  or  basic  properties.  The  ioniza¬ 
tion  of  acids  in  pyridine,  e.g.,  would  be  comparatively  great.)  In  such 
media,  therefore,  an  acid-base  titration  involving  ions  would  be  expected 
to  proceed  in  a  sluggish  fashion  to  give  a  very  poor  end  point.  All  the 
bases  that  have  been  titrated  successfully  in  dioxane,  however,  are  neutral 
and  do  not  react  as  ions.  A  strong  acid  HA  will  react  readily  with  such  a 


Amino  Groups 


551 


■  Even  with  acids  as  strong  as  methanesulfonic  acid,  this  titration  is  poor 
because  the  anion  liberated  acts  as  a  base  in  dioxane  and  partially 
reverses  the  reaction.  With  perchloric  acid,  however,  a  sharp  end  point  is 
obtained  because  the  perchloric  ion  possesses  only  extremely  weak  basic 
properties  and  the  perchlorate  ion  is  largely  removed  from  solution  in 
most  titrations  by  the  formation  of  a  slightly  soluble  perchlorate  salt. 


N1TROMETHANE  SYSTEM 

Adapted  from  C.  Streuli 

[Reprinted  in  Part  from  Anal  Chem.,  31,  1652-4  (1959)] 

Nitromethane,  as  well  as  acetonitrile,  is  an  eminently  practical  medium 
for  the  titration  of  weak  organic  bases.  A  very  weak  acid,  nitromethane 
has  an  extensive  potential  range,  neither  levels  nor  reacts  with  most 
solutes,  and  has  a  dielectric  constant  of  nearly  40,  which  allows  poten- 
tiometric  measurements  to  be  made  easily.  The  insolubility  of  most  salts 
in  nitromethane  and  the  effect  of  water  on  the  potential  range  are  its 
principal  disadvantages.  Fritz  and  Fulda  (7)  have  shown  the  uses  of 
nitromethane  as  a  differential  medium,  but  the  solvent  mixture  they  used 
contained  20%  of  acetic  anhydride. 

Because  of  the  utility  of  nitromethane  and  the  limited  data  for  this 
solvent,  the  work  described  was  initiated.  The  compounds  selected  for  use 
in  this  work  were  those  that  offered  a  variety  of  molecular  organic 
structure  and  pKa  range  consistent  with  basic  properties.  Primary,  secon¬ 
dary,  and  tertiary  amines,  heterocyclics,  ureas,  amides,  guanidine  deriva¬ 
tives,  and  imidates  have  been  included. 

REAGENTS 

The  nitromethane  was  obtained  from  the  Fisher  Scientific  Company.  It  was 
reagent  grade  material  and  was  used  without  further  purification. 

Standard  0.05  N  perchloric  acid  solutions  were  prepared  by  diluting  4.2  ml  of 

72%  acid  to  1  liter  with  nitromethane.  Solutions  were  stored  in  closed  brown 

bottles  and  were  standardized  against  potassium  hydrogen  phthalate  dissolved  in 

acetic  acid  (8)  at  weekly  intervals.  The  standard  solution  appears  to  be  stable  for 
at  least  a  month. 

Most  of  the  materials  titrated  were  Eastman  Kodak  White  Label  grade  The 

and  imidates  were  research  sampies  prepared  and  p-^ 

7.  J.  S.  Fritz  and  M.  O.  Fulda,  Anal.  Chem.,  25,  1837  (1953). 

8.  H.  LeMarie  and  H.  J.  Lucas,  J.  Am.  Chem.  Soc .,  73,  5198  (1951). 
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APPARATUS 

All  titrations  were  performed  using  a  Precision-Dow  Recordomatic  titrator. 
Glass  and  aqueous  sleeve  calomel  electrodes  were  employed  to  measure  poten¬ 
tials  during  titrations.  Solvents  were  agitated  with  a  magnetic  stirrer. 

PROCEDURE 

Dissolve  1  mM  of  material  in  nitromethane  and  dilute  to  100.0  ml  in  a 
volumetric  flask.  Then  dilute  an  aliquot  of  25.0  ml  of  this  solution  to 
100  ml  with  nitromethane  and  titrate  it.  Run  three  aliquots  on  each 
compound  and  determine  blanks  on  each  batch  of  nitromethane. 


RESULTS  AND  DISCUSSION 


All  titration  curves  were  corrected  for  blanks  and  plotted  as  potential 
against  per  cent  neutralization.  Several  examples  of  the  plots  appear  in 
Fig.  11.8.  The  titration  curves  illustrated  include  examples  of  amines, 
ureas,  and  amides. 

No  leveling  of  base  strength  was  observed,  even  for  amines  as  strong  as 
piperidine.  Because  nitromethane  does  have  a  labile  hydrogen,  leveling 
probably  does  occur,  but  only  in  a  more  basic  region.  All  the  amines, 
heterocyclics,  and  guanidine  derivatives  titrated  gave  curves  qualitatively 
similar  to  those  illustrated  for  these  types  of  compound.  Between  20  and 
80%  neutralization,  the  titration  curve  for  those  bases  with  pKa  (H20) 


values  less  than  8  are  essentially  linear  with  a  slope  of  1.1  ±0.1  mV  per 
per  cent  neutralization.  It  can  also  be  seen  that  pyridine,  which  in  water  is 
a  weaker  base  than  either  N,N-diethylaniline  or  N-ethyl-N- 
methylaniline,  shows  a  base  strength  greater  than  the  latter  compound 
when  dissolved  in  nitromethane.  Urea  is  also  considerably  stronger  than 
diphenylamine  in  this  solvent,  which  is  contrary  to  literature  pKa  data 

^The  shape  of  the  titration  curve  for  urea  is  interesting,  being  much 
steeper  than  the  curve  for  amines.  The  slope  between  20  and  80 /o 
neutralization  is  2.3  mV  per  per  cent  neutralization.  This  type  of  curve  is 
characteristic  of  all  the  ureas  as  well  as  mono-  and  unsubstituted  amides. 
Disubstituted  amides  show  titration  curves  similar  to  those  for 
This  type  of  behavior  was  not  noted  in  either  acetic  acid  (9)  o  acetic 
anhydride  (10),  but  is  characteristic  for  phenols  in  both  acetone  a 
9.  N.  F.  Hall,  J.  Am.  Chem.  Soc.,  52,  5115  (1930). 

10'  C  A.  Streuli,  Anal  Chem.,  30,  997  (1958). 

11  J.  S.  Fritz  and  J.  J.  Yamamura,  Anal.  Chem.,  29,  1(  ( 
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Fig.  11.8.  Titration  of  nitrogen  bases  in  nitromethane: 
1,  diphenylamine;  2,  N-methylacetanilide;  3,  urea;  4, 
N-ethyl-N-methylaniline;  5,  pyridine;  6,  N,N-diethyl- 
aniline;  7,  N,N'-diphenylguanidine. 


Pyridine  (12).  It  is  probably  because  of  intermolecular  hydrogen  bonding 

between  amide  or  urea  molecules  rather  than  hydrogen  bonding  between 

solute  and  solvent.  Disubstituted  amides  with  no  available  hydrogen 

atoms  behave  like  the  amines  as  exemplified  by  N-methylacetanilide  (Fig. 

1 1.8). 


Results  were  quantitative  for  all  the  compounds  titrated,  with  the 
exception  of  some  very  weak  amides.  In  the  latter  cases  the  potential 
change  is  so  slow  that  it  is  difficult  to  locate  an  end  point. 

Figure  11.9  illustrates  the  relation  between  pKa  (H20)  and  the  half- 
neutralization  potential  ( AHNP )  (CH3N02)  for  the  compounds  titrated. 


12.  C.  A.  Streuli  and  R.  R.  Miron,  Anal.  Chem.,  30,  1978  (1958) 
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Fig.  11.9.  Basic  strength  of  nitrogen  compounds  in  nitro- 
methane  and  in  water. 

Pertinent  data  are  given  in  Table  12.  AHNP  Values  were  calculated  by 

algebraically  subtracting  the  half-neutralization  potential  (HNP)  ® 

N  N'-diphenylguanidine  sample  run  on  the  same  day  from  the  HNP  value 
of  1  compoifnd  being  ...ted,  This  i,  nec.,,,„  becn-.f  d.r»;d 
shifts  in  liquid  junction  potentials  of  the  electrodes.  AHNP  Values  are 

reproducible  Jhin  5  to 6  mV,  where.,  the  HNP  ..In.  <*.«•*£ 
,his  electrode  system  no.  shift  100  mV  o.e,  se-er.l 
N  NT  Diohenvleuanidine  was  chosen  as  a  reference  standard  because 

base  s  feneth  purity,  and  availability.  Using  this  compound  as  a 
its  high  S  values  stand  in  correct  relative 

reference,  all  titration  curves  and  AHNP  values  stanu 

relation  to  one  another.  AHNP  (CH3N02) 

»  determined  by  the 
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amines,  the  shorter  sequence  by  amides  and  ureas.  Heterocyclic  nitrogen 
compounds  and  hydroxylated  amines  do  not  fit  either  sequence.  Essen- 

O 

\  /  / 

tiallv  this  illustrates  that  compounds  containing  the  grouping  C— N  as 

/  \ 


well  as  heterocyclics  and  hydroxy  amines  are,  relative  to  amines,  stronger 
bases  in  nitromethane  than  they  are  in  water.  This  type  of  behavior  was 
not  noted  for  amides  and  ureas,  in  either  acetic  acid  (9)  or  acetic 
anhydride  (10),  but  probably  holds  true  for  such  solvents  as  acetonitrile 
or  acetone.  It  is  again  most  probably  related  to  hydrogen  bonding 
between  solute  and  solvent  molecules  in  the  various  solvents. 

The  straight  line  drawn  for  the  amine  sequence  is  the  least-squares 
solution  of  the  data  for  all  the  amines  exclusive  of  the  heterocyclic  and 
hydroxy  amines.  The  equation  relating  pKa  (H20)  and  A HNP  (CH3N02) 
values  for  the  amine  sequence  is 

pKa  (H20)=  10.12- 0.0129  x  A  HNP  (CH3N02)  (1) 

The  least-squares  solution  for  all  the  amide  and  urea  data  in  Table  12 
is  given  by  the  equation 


pKa  (H20)  =  8.26-0.0120  x  A  HNP  (CH3N02)  (2) 

and  is  shown  by  the  broken  line  in  Fig.  11.9.  Calculated  pKa  (H.O)  values 
using  A  HNP  (CH3N02)  data  and  the  appropriate  equation  are  listed  in 
third  column  of  Table  12;  deviations  between  literature  and  calculated 
values  are  given  in  column  4.  The  standard  deviation  for  all  the  data  is 
0.27  pKa  unit  exclusive  of  the  heterocyclics  and  hydroxy  amines.  Both 
equations  fail  badly  for  these  compounds,  which  show  strengths  inter¬ 
mediate  between  the  two  main  classes  of  compounds. 

f. ™f*W0  llnes Jare  essentially  parallel  with  slopes  of  78  mV  per  pK  unit 
Hall  (9)  assumed  a  slope  of  59  mV  per  pKa  unit  for  this  relation  in  acetic 
cid.  In  acetic  anhydride  this  value  is  51  mV  per  pKa  unit  (10).  On  this 
basis,  nitromethane  should  have  greater  resolving  power  than  the  anhy- 

unLrorPOly^ 

1 10  r  ?jr s 

2  depending  on  the  m^cula^s^  ^  1  or 

imidates  and  the  nhosnhine  Pn  i  ,  e  solute-  In  the  cases  of  the 

these  compounds  was  similar  to  thaf6  f  S'nCe  the  tltration  behavior  of 

was  similar  to  that  of  amines.  Assuming  that  this 


Table  12.  Basicity  Data  for  Amines,  Amides,  and  Ureas  in  Nitromethane  and  Water 


No.  Compound 


1  N,N'-Diphenylguanidine 

2  Piperidine 

3  Triethylamine 

4  Tri-n-butylamine 

5  N,N-Dimethylbenzylamine 

6  2-Cyanothylamine 

7  N,N-Diethylaniline 

8  N-Ethyl-N-methylaniline 

9  N,N-Dimethylaniline 

10  Bis-2-cyanoethylamine 

11  o-Phenylenediamine 

12  2-Naphthylamine 

13  1-Naphthylamine 

14  Anthranilic  acid 

15  Diphenylamine 

16  Pyridine 

17  Quinoline 

18  Isoquinoline 

19  Bis-2-hydroxyethylamine 

20  Tris-2-hydroxyethylamine 

2 1  Methylurea 

22  Urea 

23  Caffeine 

24  N-n-Propylacetanilide 

25  N-Methylacetanilide 

26  Acetamide 

27  Phenylurea 

28  Acetanilide 


pKa 

Calcu-  Refer- 


A  HNP 

Literature 

lated 

ApKa 

ence 

0 

10.00 

10.12 

0.12 

a 

-47 

11.09 

10.72 

-0.37 

a 

-69 

10.64 

11.01 

0.37 

b 

-37 

10.67 

10.60 

-0.07 

a 

78 

9.02 

9.12 

0.10 

b 

204 

7.86 

7.49 

-0.37 

c 

286 

6.52 

6.43 

-0.09 

a 

304 

5.99 

6.20 

0.21 

a 

374 

5.21 

5.30 

0.09 

d 

386 

5.14 

5.14 

0.00 

c 

412 

4.52 

4.81 

0.29 

b 

490 

4.11 

3.80 

-0.31 

a 

522 

3.92 

3.39 

-0.53 

a 

602 

2.15 

2.36 

0.20 

b 

701 

0.85 

1.08 

0.23 

a 

286 

5.30 

(6.43) 

1.13 

a 

305 

5.06 

(6.19) 

1.13 

d 

299 

5.30 

(6.26) 

0.96 

d 

4 

8.87 

(10.07) 

1.20 

c 

49 

7.82 

(9.49) 

1.67 

e 

576 

0.90 

0.79 

-0.11 

a 

590 

0.50 

0.61 

0.11 

e 

600 

0.61 

0.48 

-0.13 

b 

650 

-0.60 

-0.17 

-0.43 

a 

663 

-0.50 

-0.34 

-0.16 

a 

691 

-0.48 

-0.70 

0.22 

a 

691 

-0.30 

-0.70 

0.40 

a 

757 

-1.70 

-1.56 

-0.14 

e 

0  N£f  A9  Lange,  Handbook  of  Chemistry,  4th  ed„  Handbook  Publishers, 

Sandusky,  Ohio,  1941,  pp.  1220-1. 

c  C  A  Streuli  and  S.  Sandler,  unpublished  data. 

-  f '  M.'  KoUhoff  and  N.  H.  Furman,  Potentiometnc  Tttrattons,  Wdey,  New 

York,  1926,  p.  329. 
e  Ref.  8. 


556 


Amino  Groups 


557 


Fig.  11.10.  Titration  of  nitrogen  bases  in  nitromethane:  1,  ac¬ 
rylamide;  2,  2-pyrrolidinone;  3,  tris-2-cyanoethylamine;  4,  ethyl 
p-nitrobenzimidate;  5,  ethyl  benzimidate. 


equation  applies  in  these  cases,  the  90%  confidence  limits  for  these  pK 
values  are  ±0.4  pKa  unit.  Nitromethane  makes  a  convenient  titration 
medium  for  rmidates  that  are  hydrolyzed  in  water  to  esters. 

Very  weak  bases  such  as  dimethylsulfoxide,  tetrahydrofuran,  and 
acetonitrile  show  no  titratable  basicity  in  this  solvent.  This  is  most  prob¬ 
ably  due  to  interference  by  water  in  the  titrant 

differiSinPSept0,reS°KVe  miX‘UreS  °f  ami"es  in  ,he  main  sequence  ‘hat 
Her  m  A HNP  values  by  approximately  180  mV.  The  theoretical  limit  of 

—  >r„n7c  be  S  100  mV-  H“CT"  s 

wnn  any  ot  the  compounds  tested. 
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Table  13.  Titration  of  Various  Organic  Bases  in  Nitromethane 


Compound 


A  HNP  Calculated 
(CH3NQ2)  pKa 


2-Pyrrolidinone 

699 

-0.8 

N-Methyl-2-pyrrolidinone 

655 

-0.2 

Acrylamide 

657 

-0.3 

Nitrilotrispropionitrile 

568 

2.8 

Triphenylphosphine 

573 

2.7 

Ethylbenzimidate 

308 

6.2 

Ethylacetimidate 

198 

7.6 

Ethylcarbethoxyacetimidate 

385 

5.2 

Trichloroacetimidate 

779 

0.1 

/?-Nitrobenzimidate 

441 

4.4 

Ethyl  a-chloropropionimidate 

403 

4.9 

CONCLUSIONS 

The  foregoing  data,  with  the  studies  made  in  acetic  acid  (9)  and  acetic 
anhydride  (10),  illustrate  that  whereas  the  relative  basicity  within  a  class 
of  compounds  is  not  greatly  affected  by  changes  in  titration  medium, 
basicity  relations  between  various  classes  such  as  amides  and  amines  are 
affected  to  a  considerable  degree.  This  change  appears  to  be  related  to 
the  hydrogen  bonding  characteristics  of  the  solvent.  .. 

An  unknown  pK,  »a.ue  m,y  be  I- 

the  class  of  the  compound  is  considered;  pKa  values  so  obtained 

compounds  can  be  predicted  on  the  basis  of 

„K  data  or  nitromethane  data  if  the  shape  of  the  titration  curve  and 
pKa  data  or  nitrom  considered.  Mixtures  of  amines  are  more 

.»•««.  o.  —  because  o<  ,b,  shape  o, 

the  titration  curve. 


Acylation  Methods 

Any  of  the  anhydride  methods  using 

lit-  anhydrides  shown  ^detennmmg  ale Mjg  ^  ^  the 

?whXVn”™My  'n  less  lha"  mSS?  Pr°CedUreS  0therW'Se 

remain  the  same  as  those  used  for  the  alcohols. 
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Mitchell,  Hawkins,  and  Smith  (13)  devised  an  acylation  method  using 
acetic  anhydride  whereby  the  excess  anhydride  was  determined  by  adding 
excess  water  and  titrating  the  excess  with  Karl  Fischer  reagent.  This 
acylation  approach  has  no  advantages  over  the  more  direct  methods. 

Since  only  primary  and  secondary  amines  react  with  anhydrides,  only 
these  types  of  amines  can  be  determined.  Tertiary  amines  do  not  interfere 
in  the  analysis  for  the  primary  and  secondary  species.  The  method  applies 
very  widely  for  all  types  of  primary  and  secondary  amines  including 
aliphatic,  aromatic,  and  alicyclic.  Hydroxy  groups  interfere  in  the  analysis, 
of  course,  since  they  acylate,  but  samples  containing  hydroxy  compounds 
can  be  handled  as  described  earlier  (pp.  40-1).  Aldehydes  would  nor¬ 
mally  interfere  if  acetic  anhydride  is  used  (see  pp.  10-12),  however 
aldehydes  are  not  common  in  amine  systems.  Of  course,  if  aldehydes 
were  present  in  a  primary  amine  system,  it  would  react  to  yield  the  imine. 


Diazotization  and  Nitrosation  Procedures 


No  specific  reference  can  be  given  for  any  general  method  employing 
nitrous  acid.  The  following  procedure  is  a  conglomeration  of  many  known 
procedures. 

The  procedure  will  mainly  determine  primary  and  secondary  amino 
groups  (see  reactions  3-6).  However  some  tertiary  amines  will  react  with 
nitrous  acid  to  form  the  nitrite  salt,  but  these  usually  cannot  be  deter¬ 
mined. 


NH.HCl 


NHCH 


+  HONO 


N==N 


Cl 


+  2H.O 


+  HONO 


NO 

I 

N — CH3 


+  H,0  * 


(3) 


RNH2  +  MONO  ^R0H  +  N2  +  H20\  where  R  is 

R2NH  +  HONO  — *■  R2NNO  +  H20  /  aliphatic 

13.  J.  Mitchell,  W.  Hawkins,  and  D.  M.  Smith,  J.  Am.  Chem.  Soc.,  66.  782-4  (1944) 


(4) 

(5) 

(6) 


560 


Quantitative  Organic  Analysis 


Reaction  5  proceeds  as  written  only  when  R  is  methyl  or  ethyl.  When 
R  is  a  higher  alkyl  group  the  reaction  does  often  proceed  quantitatively, 
but  the  end  product  is  not  the  alcohol  expected.  For  instance,  if  propyl 
amine  is  reacted  with  nitrous  acid,  both  n-propyl  and  isopropyl  alcohol 
result. 


AROMATIC  AMINES 

REAGENTS 


Sodium  nitrite,  IN,  0.5 N,  0.1N. 
Starch  iodide  paper. 

Concentrated  hydrochloric  acid. 
Glacial  acetic  acid. 

Potassium  bromide  solution,  25%. 

PROCEDURE 


Into  a  1-liter  beaker,  weigh  a  sample  of  amine  large  enough  to  give  a 
20-m!  titration  with  nitrite  of  a  certain  strength  and  dissolve  in  about 
500  ml  of  water,  30  ml  of  concentrated  hydrochloric  acid,  and  25  or  50  ml 
of  25%  potassium  bromide.  (The  amount  of  potassium  bromide  used 
depends  on  the  ease  of  nitrosation  of  the  amine.)  Potassium  bromide  can 
be  eliminated  if  the  amine  reacts  rapidly.  If  the  sample  is  not  soluble  in 
dilute  acid,  the  sample  can  be  dissolved  in  a  few  milliliters  o facial .ante 
acid,  followed  by  addition  of  the  water  and  hydrochloric  acid.  The  amine, 

in  cnrh  cases  generally  remains  in  solution. 

The  required  strength  of  sodium  nitrite  depends  on  several  factors: 
ease  of  nitrosation,  clarity  of  end  point,  instability  of  the  nitrous  acid.  The 
1  N  sodium  nitrite  will  give  a  better  end  point,  but  the  danger  ot  losing 

nitrous  acid  is  much  greater,  since  more  is  formedon ^ 

ic  formed  with  the  more  dilute  sodium  nitrite.  When  the  more  m  u 

sodtm  nitrite  isted,  a  poorer  end  point  results,  bu,  the  chances  of  loss 

°f  Immersed  bea^containing  the  sample  tc .  within  1  m .  of  dte  rim  in 
chopped  ice  and  water  until  the  temperature  ,  about  JGTh.  *  «o  ^ 
chances  for  loss  of  nitrous  aci  .  »  dd  h  nitrjte  standard 

rxs”  a  am  -  ~ — - 
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nitrous  acid.  There  should  never  be  a  large  excess  of  nitrite  present,  since 
this  causes  loss  of  nitrous  acid.  At  first,  add  the  nitrite  in  small  increments 
and  test  the  solution  by  dipping  a  strip  of  starch-iodide  paper  into  the 
solution;  the  paper  turns  the  blue-black  of  iodine  in  starch  if  nitrous  acid 
is  present.  If  the  amine  consumes  the  nitrous  acid  rapidly,  add  the  nitrite 
more  rapidly.  If  the  amine  nitrosates  slowly,  add  the  nitrite  more  slowly. 
The  purpose  of  the  potassium  bromide  is  to  catalyze  the  nitrosation;  it 
should  be  added  whenever  the  nitrite  is  consumed  too  slowly.  If  the 
amine  nitrosates  too  slowly,  the  end  point  is  very  hard  to  detect.  The 
nitrite  is  added  in  smaller  increments  as  the  end  point  is  approached.  This 
decreases  the  chance  of  overtitration. 

The  end  point  is  the  point  at  which  the  blue-black  color  is  produced  on 
the  starch-iodide  paper  when  the  solution  has  stood  for  quite  a  time  after 
the  addition  of  nitrite.  As  the  end  point  is  approached,  the  nitrite  will  be 
consumed  more  slowly;  thus  a  sufficient  length  of  time  (depending  on  the 
rate  at  which  the  particular  amine  nitrosates)  should  be  allowed  before 
testing  for  the  end  point.  An  excess  of  nitrite  gives  the  blue-black  color 
on  the  paper  immediately  on  immersion  in  the  solution.  In  some  cases, 
the  starch-iodide  paper,  when  dipped  into  the  solution,  does  not  darken 
immediately  but  darkens  slowly  on  exposure  to  air.  This  should  not  be 
construed  as  indicating  excess  nitrite,  since  the  nitrite  produces  the  color 
immediately.  Colored  amines  and  precipitates  will  hamper  the  viewing  of 
any  color  on  the  paper.  However  the  presence  of  excess  nitrite  still  can  be 
shown  by  the  solution  that  diffuses  up  the  indicator  paper,  showing  a 
blue-black  portion  above  the  mark  indicating  the  depth  of  the  immersion 
of  the  paper  in  the  solution. 

Standardize  the  sodium  nitrite  by  reaction  with  sulfanilic  acid,  which 
can  be  purchased  in  a  pure  state.  The  procedure  is  that  described  earlier. 
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CALCULATIONS 


Milliliters  of  nitrite  XNNQ2  x  mol,  wt.  of  compound  x  100 

Grams  of  sample  x  1000  x  n 

=  %  compound  based  on  diazotization  or  nitrosation 


where 


n  is  the  number  of  amino  groups  per  molecule. 


Amines  tested  were  aniline,  4-nitroaniline;  p-toluidine;  l-amino-2- 
naphthol-4-sulfonic  acid;  2,6-toluylene  diamine-4-sulfonic  acid;  4- 
aminoazobenzene ;  l-amino-8-naphthol-3-6-disulfonic  acid;  benzidine;  4- 
4'-diaminodiphenylamine-2'-sulfonic  acid;  4-aminophenol;  1-naphthyl- 
amine;  o-aminodiphenyl. 

Secondary  amines  tested  were  acetoacetanilide. 


O  O 


hncch2cch3 


+  HONO 


NO  O  O 

!  X  X 

N — CCH2CCH3 


+h2o 


N-ethyl-l-naphthylamine,  diphenylamine,  N-methyl-  and  N-ethylaniline. 

Interfering  substances  consist  mainly  of  compounds  that  are  readily 
reduced  by  nitrous  acid  and  also  compounds  that  contain  active  methyl¬ 
ene  groups.  The  compounds  with  active  methylene  groups  will  nitrosate 
and  can  be  determined  by  this  procedure.  The  pyrazolones  are  such 
compounds. 


ALIPHATIC  PRIMARY  AMINES  (VAN  SLYKE  METHOD) 


The  reaction  between  aliphatic  primary  amines  and  nitrous  acid  as 
shown  earlier  (p.  532)  is  not  as  clean-cut  as  it  appears.  There  are  some 
unexplained  variations  that  occur,  which  makes  the  approach  limited  in 
its  scope.  Because  of  a  lack  of  complete  stoichiometry,  the  method  cannot 
be  used  for  assaying  amines.  The  results  will  generally  be  low  because  of 
some  nitrogen-containing  by-products  remaining  in  the  systems.  The 
method  excels,  however,  for  determining  small  quantities  of  amines  in 
complex  media.  The  reaction  produces  a  gas  (nitrogen,  see  p.  532),  and 
this  gas  is  measured;  hence  minute  quantities  of  amines  can  be  detected. 
In  addition,  the  reaction  is  fairly  specific.  The  main  application  ot  this 
method  is  in  the  analysis  of  biological  materials  (see  pp.  5  or 

method). 
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Diamines 

SCHIFF  BASE  PRECIPITATION 

Method  of  V.  J.  Farrugia  and  P.  C.  Christopher 

[Reprinted  in  Part  from  Anal.  Chem.,  36,  435  (1964)] 

To  determine  the  diamine  content  of  mixtures  containing  the  diamines 
in  the  presence  of  large  quantities  of  dibasic  acids,  amino  acids,  and 
monofunctional  amines  without  separation,  a  gravimetric  procedure  was 
used  by  which  the  diamine  is  precipitated  as  a  Schiff  base  (salicylaldimine) 
by  salicylaldehyde. 

Huggins  and  Drinkard  (14)  reported  the  determination  of 
ethylenediamine  in  the  presence  of  large  amounts  of  hydroxyalkylamines, 
ethanolamine,  and  n-hydroxyethylenediamine.  The  following  method 
consists  of  slight  modifications  of  the  Huggins  and  Drinkard  procedure  to 
make  it  more  general. 


REAGENTS 

salicylaldehyde  solution.  Add  10  ml  of  salicylaldehyde  to  200  ml  of  water 
containing  5.0  grams  of  sodium  hydroxide  and  stir  rapidly  on  a  magnetic  stirrer 
until  all  the  oil  is  dissolved.  If  a  precipitate  forms,  filter  through  a  medium 
porosity  sintered-glass  filter.  Prepare  fresh  daily. 


PROCEDURE 

Weigh  a  sample  containing  0.10  to  0.20  gram  of  the  diamine  and 

dissolve  it  in  300  ml  of  deionized  water  in  a  400-ml  beaker.  Add  50  ml  of 

the  basic  salicylaldehyde  solution  with  vigorous  stirring.  Allow  to  stand 

for  30  minutes  with  occasional  stirring.  Adjust  to  pH  8.3  (pH  meter)  by 

the  dropwise  addition  of  27%  aqueous  sulfuric  acid  (by  weight).  Adjust 

samples  containing  monofunctional  amines  to  pH  11.0  in  the  same 

manner.  Allow  to  stand  at  ambient  temperature  for  1  hour.  Collect  the 

precipitated  salicylaldimine  in  a  tared  Gooch  crucible  containing  an 

asbestos  mat.  Dry  the  washed  precipitate  in  a  70°C  oven  for  5  hours  cool 
and  weigh. 

14.  D.  Huggins  and  W.  C.  Drinkard,  Anal.  Chem.,  34,  1756  (1962). 
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Table  14.  Recovery  of  Diamines  at  pH  8.3 

Compound  Sample,  grams  Recovery,"  % 


Hexamethylenediamine 

dihydrochloride 

0.0050 

96.73 

0.1003 

97.55 

0.1200 

98.63 

0.2000 

98.65 

0.2360 

97.87 

0.2380 

97.74 

p-Phenylenediamine 

0.1227 

99.22 

0.1278 

99.41 

Hydrazine  sulfate 

0.0987 

94.00 

0.1221 

94.50 

0.1366 

93.50 

Ethylenediamine 

0.1275 

97.37 

0.1438 

97.65 

Benzidine  dihydrochloride 

0.1100 

100.40 

0.2000 

100.39 

"  Quotient  of  observed  and  theoretical  grams  of  imine  yield  expressed  as 


percentages. 


Table  15.  Results  of  Determinations  of  Hexamethylenediamine  Dihydrochloride  and 
Ethylenediamine  in  Synthetic  Mixtures  Containing  Adipic  and  Amino  Acids 

Amino  Adipic 

Acid  Acid  Diamine,  % 

Taken  Taken - Standard 

Amino  Acid  %  %  Taken  Found  Deviation 


e -Amino- n-caproic  acid 


hydrochloride 

0.05 

1.0 

10.0 

Glycine 

30.0 

Anthranilic  acid 

30.0 

DL-Aspartic  acid 

30.0 

Glycine 

30.65 

30.70 

Glycine 

31.04 

Taurine 

27.98 

a  Hexamethylenediamine  dihydrochloride. 

b  Based  on  98.0%  recovery. 

c  Ethylenediamine. 
d  Benzidine. 

*  Based  on  100.4%  recovery. 


40.0 

59. 5a 

59.34b 

±0.53 

40.0 

59. 0a 

58.93b 

±0.51 

40.0 

50. 0a 

50.43b 

±0.44 

40.0 

30. 0a 

30.64b 

±0.19 

40.0 

30. 0a 

29.98b 

±0.05 

40.0 

30. 0a 

29.95b 

±0.05 

38.87 

30.48c 

30.28b 

±0.05 

38.82 

31.09c 

30.98b 

±0.03 

38.21 

30.75d 

30.59e 

±0.09 

43.70 

28.61d 

28.14b 

±0.08 
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Table  16. 


Results  of  Determinations  of  Hexamethylenediamine  Dihydrochloride  in 
Synthetic  Mixtures  Containing  Adipic  Acid  and  Amines 


Amine 


Aniline 

n-Propylamine 

o-Toluidine 

Aminoethylpiperazine 


Adipic 
Amine  Acid 

Taken,  Taken, 
%  % 


38.72  34.00 

38.00  33.66 

30.37  43.20 

33.75  40.00 


Diamine,  % 

_  Standard 

Taken  Found  Deviation 


27.28  27.22  ±0.10 

28.34  27.11  ±0.50 

26.43  26.59  ±0.25 

26.25  26.13  ±0.30 


a  Precipitation  at  pH  11.0. 


RESULTS  AND  DISCUSSION 

Recoveries  of  synthetic  mixtures  are  shown  in  Tables  14  to  16.  The 
data  reported  represent  triplicate  runs.  In  the  case  of  0.12  gram  of 
hexamethylenediamine  dihydrochloride  (Table  14),  they  are  representa¬ 
tive  of  a  replicate  of  nine  runs.  Interference  was  not  encountered  from 
either  adipic  acid  or  the  amino  acids;  e -amino- rc-caproic  acid  hydro¬ 
chloride,  glycine,  anthranilic  acid,  or  DL-aspartic  acid. 

Only  in  the  case  of  n-hexylamine  was  there  precipitation.  The  adducts 
of  the  monofunctional  amines,  n-propyl,  o-toluidine,  aminoethyl¬ 
piperazine,  and  aniline  did  not  precipitate. 


Bromination  (Aromatic  Amines  Only) 

Aromatic  amines  will  substitute  bromine  on  the  ring  as  shown  in  the 
equation  on  page  532.  The  bromination  methods  for  determining  phenols 
(pp.  57-9),  can  be  used  for  amines  as  well.  Aliphatic  amines  do  not 
undergo  the  reaction  but  will  interfere  to  some  degree,  since  the  aliphatic 
amines  are  prone  to  oxidation  by  bromine. 

Results  obtained  by  Krause  and  Kratochvil  (p.  566)  by  the  titrations  of 
several  aromatic  amines  with  bromine  in  propylene  carbonate,  with  and 
without  the  addition  of  excess  pyridine,  appear  in  Table  17,  and  their 
analytical  data  are  summarized  in  Table  18. 

The  bromination  of  aromatic  amines  proceeds  only  in  the  unoccupied 
ortho  and  para  positions  on  the  ring.  The  bromination  method  does  not 
enjoy  wide  popularity  because  there  are  so  many  interferences  owing  to 
the  oxidizing  and  substitution  properties  of  bromine. 
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Table  17.  Titrations  of  Aromatic  Amines  with  Bromine  in  Propylene  Carbonate 

First  End  Point  Second  End  Point 


Bromine-  Approximate  Midpoint  Bromine-  Approximate  Midpoint 

Amine  Break,  Potential,  Amine  Break,  Potential, 


Compound  Titrated 

Ratio 

mV 

mV 

Ratio 

mV 

mV 

p-Nitroaniline 

1.07 

50 

+  150 

None 

Anthranilic  acid 

2.00“ 

50 

+  110 

— 

None 

_ 

Anthranilic  acid 

1.4— 1.6 

150 

-150 

4.1 

50 

+  10 

Aniline 

0.6-0. 8 

50 

-250 

2.00“ 

250 

+50 

Aniline 

1. 0-1.1 

150 

-325 

4.00“ 

100 

-30 

m  -Phenylenediamine 

1.14 

500 

-300 

3.00“ 

50 

+  100 

m-Phenylenediamineb 

2.6 

300 

-400 

6.00“ 

50 

0 

p-Toluidine 

0.47-0.52 

150 

-300 

1.7-1. 8 

300 

0 

p-Toluidineb 

0.9-1. 1 

100 

-275 

4.00“ 

150 

0 

p-Phenetidine 

0.46-0.47 

200 

-350 

1.8 

200 

+50 

p-Phenetidineb 

1.00 

200 

-350 

— 

None 

— 

a  End  point  recommended  for  analytical  use. 

h 

Excess  pyridine  present. 


Table  18.  Analysis  of  Aromatic  Amines  by  Titration  with  Bromine  in  Propylene  Carbo- 

nate 

End  Point 

Approximate 

Relative 

Ratio 

Sample 

Average 

Standard 

Bromine- 

Size, 

Analysis, 

Deviations, 

Compound  Titrated 

Amine 

mM 

% 

ppt 

Aniline 

2 

0.6 

99.0  (5) 

1 

Aniline1' 

4 

0.3 

99.5  (4) 

6 

Anthranilic  acid 

2 

0.6 

99.4  (4) 

8 

Anthranilic  acid" 

4 

0.3 

103.9  (5) 

6 

p-Toluidine 

4 

0.3 

99.5  (4) 

4 

“  Excess  pyridine  present. 

b  Figures  in  parentheses  indicate  number  of  titrations. 


Coupling  (Aromatic  Amines  Only) 

Some  aromatic  amines  will  couple  as  do  phenols  with  diazonrum 
compounds  as  shown  in  the  equation  on  page  62.  These  amines  are 
generally  the  polyfunctional  aromatic  amines.  The  method  is  not  widely 
used  because  of  its  limited  range  and  also  because  of  the  complexity  of 
the  coupling  methods.  This  method  is  described  in  detail  in  the  section  on 
phenols  pp.  62-6.  The  coupling  method  is  very  specific,  however,  an 
occasions  calling  for  such  specificity  do  arise. 
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Determination  of  Amines  in  Mixtures 


PRIMARY,  SECONDARY,  AND  TERTIARY  AMINE  MIXTURES. 
SCHIFF  BASE  AND  ACETYLATION  APPROACH 


Wagner,  Brown,  and  Peters  (15)  devised  a  system  for  determination  of 
primary,  secondary,  and  tertiary  aliphatic  amines.  Their  system  could  not 
be  applied  to  aromatic  mixtures  because  of  the  much  weaker  basic 
properties  of  the  aromatic  amines.  The  methods  described  below  utilize 
the  same  reactions  as  those  devised  by  Wagner,  Brown,  and  Peters,  but 
the  reaction  media  and  techniques  used  make  possible  the  utilization  of 
the  analysis  system  for  the  determination  of  aromatic  amine  mixtures  as 
well  as  aliphatic  systems.  Results  appear  in  Table  19. 


Table  19 


Primary 


Secondary 


Tertiary 


System 


Aniline,  ethylaniline, 
and  diethyl  aniline 


Aniline,  methylaniline,  I 
and  dimethylaniline 


a-Naphthylamine,  ^ 
ethyl-oc-Naphthyl- 
amine,  and  diethyl-1- 
a-naphthylamine 


a-Naphthylamine  and  ] 
dimethyl-a-naphthyl-  l 


amine 


°/ 

/o 

Calcu¬ 

lated 

°/ 

/  0 

Found 

°/ 

/o 

Calcu¬ 

lated 

33.29 

33.C5 

31.89 

74.95 

75.41 

12.02 

9.70 

10.52 

43.30 

33.39 

32.86 

33.34 

74.97 

74.57 

12.50 

9.77 

10.43 

45.13 

34.16 

33.34 

32.96 

9.89 

10.14 

45.07 

49.96 

49.38 

a 

% 

%  Calcu-  % 
Found  lated  Found 


31.87 

34.79 

34.90 

11.29 

13.02 

12.96 

42.04 

47.00 

47.32 

32.61 

33.24 

34.00 

12.44 

12.58 

12.52 

45.27 

45.05 

45.42 

33.78 

32.88 

32.50 

44.53 

45.04 

44.74 

46.44 

46.59 

a  Secondary  amines  to  this  system  could  not  be  obtained. 


15.  C.  D.  Wagner,  R.  H.  Brown,  and  E.  D.  Peters,  J. 


r.  Am.  Chem.  Soc.,  69,  2609-14  (1947). 
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Mitchell,  Hawkins,  and  Smith  (16)  proposed  determining  tertiary 
amines  by  determining  first  the  sum  of  primary  and  secondary  amines  by 
acetylation  and  determining  excess  anhydride  by  aquametric  means;  the 
tertiary  amine  was  obtained  by  determining  total  base  and  subtracting  the 
sum  of  primary  and  secondary  amines.  In  aromatic  systems  the  amines 
involved  are  so  weakly  basic  that  titration  of  total  base  for  determination 
of  tertiary  amines  is  impossible  by  ordinary  means.  Also,  the  acetylation 
procedure  used  for  determining  primary  plus  secondary  amines  cannot  be 
used  when  alcohols  are  present  with  the  amines.  The  procedure  has  an 
unnecessary  step  in  the  addition  of  excess  water  and  determination  of  the 
water  by  Karl  Fischer  reagent.  Simply  determining  the  excess  anhydride 
after  acetylation  by  titration  with  sodium  hydroxide  has  been  found  to 
yield  very  good  results. 

Hawkins,  Smith,  and  Mitchell  (17)  (see  pp.  601-4)  also  devised  a 
procedure  for  determining  primary  amines  in  the  presence  of  secondary 
and  tertiary  amines.  The  sample  is  reacted  with  benzaldehyde,  and  the 
water  liberated  is  determined  by  Karl  Fischer  reagent.  This  procedure 
involves  the  use  of  hydrogen  cyanide,  which  necessitates  special  handling 
and  is  more  time-consuming  than  the  procedures  to  be  described. 

The  method  for  determining  amine  mixtures  described  in  this  section 
can  be  outlined  as  follows.  The  tertiary  amine  is  determined  by  adding 
acetic  anhydride  directly  to  a  weighed  sample.  After  a  short  time  the 
acetylated  mixture  is  dissolved  in  1 : 1  ethylene  glycol-isopropanol,  and 
the  tertiary  amine  (which  is  not  affected  by  the  anhydride)  can  be  titrated 
using  standard  hydrochloric  acid.  The  glycol-isopropanol  solvent  is  used 
to  accentuate  the  titration  of  the  tertiary  aromatic  amines,  which  are 
weak  bases.  It  was  first  proposed  by  Palit  (18)  to  make  possible  the 
titration  of  weak  bases  that  could  not  be  determined  accurately  by  titration 

in  aqueous  solution  (see  pp.  166-7). 

The  primary  amine  in  the  mixture  is  determined  by  titrating  the  total 

base  in  the  sample  in  the  1:1  ethylene  glycol-isopropanol  solvent.  To  a 
separate  sample,  salicylaldehyde  is  added  to  remove  the  primary  amine 
by  the  Schiff  reaction;  the  remaining  base  in  the  sample  is  then  titrated. 
The  difference  between  the  two  titrations  will  yield  the  primary  amine 


content.  ,  .  .  .  .  ,  ^ 

The  secondary  amine  content  is  determined  by  taking  the  titration  value 

after  addition  of  salicylaldehyde;  this  value  is  tertiary  amine  plus  secon¬ 
dary  amine.  By  subtracting  the  value  obtained  for  the  tertiary  amine  as  e- 
scribed  previously,  the  amount  of  secondary  amine  can  be  determined. 

16.  J.  Mitchell,  Jr.,  W.  Hawkins,  and  D.  M.  Smith,  Ibid  192. 

17  W  Hawkins,  D.  M.  Smith,  and  J.  Mitchell,  Jr„  J.  Am.  Chem.  Soc.,  66.  1662  (1944). 
18.  S.  Palit,  Ind.  Eng.  Chem.  (Anal.  Ed.).  18.  246-51  (1946). 


Amino  Groups 


569 


Procedure  of  Siggia,  Hanna,  and  Kervenski 

[Anal  Chem.,  22,  1295  (1950)] 

REAGENTS 

Ethylene  glycol-isopropanol  mixture,  1:1. 

Standard  IN  hydrochloric  acid  in  ethylene  glycol-isopropanol  mixture.  Dilute 
96  ml  of  concentrated  hydrochloric  acid  to  1  liter  with  equal  parts  of  ethylene 

glycol  and  isopropanol. 

CP  Acetic  anhydride. 

Salicylaldehyde  (from  bisulfite  addition  compound). 


PROCEDURE  A 

TOTAL  AMINES 

In  a  weighing  bottle,  accurately  weigh  a  sample  containing  approxi¬ 
mately  0.02  mole  of  total  amines.  Wash  the  contents  of  the  weighing 
bottle  into  a  150-ml  beaker  with  1 : 1  ethylene  glycol-isopropanol  mix¬ 
ture.  Add  ethylene  glycol-isopropanol  mixture  until  the  volume  is  ap¬ 
proximately  50  ml.  Use  a  pH  meter  to  indicate  the  apparent  pH  after 
each  addition  of  acid  as  the  sample  is  titrated  with  IN  hydrochloric  acid 
prepared  in  the  ethylene  glycol-isopropanol  mixture.  Determine  the 
neutralization  point  by  plotting  the  apparent  pH  against  milliliters  of  acid. 

Milliliters  of  HClxN  moles  of  total  amines 
Grams  of  sample  x  1000  gram  of  sample 


PROCEDURE  B 


SECONDARY  PLUS  TERTIARY  AMINES 

In  a  weighing  bottle,  weigh  a  sample  containing  approximately 
0.02  mole  total  of  secondary  and  tertiary  amines.  Wash  the  contents  of 
the  weighing  bottle  into  a  150-ml  beaker  with  1:1  ethylene  glycol- 
isopropanol  mixture.  Add  ethylene  glycol-isopropanol  mixture  until  the 
volume  ts  approximately  50  ml.  Add  5  ml  of  salicylaldehyde  (more  should 
be  used  if  the  amount  of  primary  amine  is  larger  than  0.035  mole)  Stir 
the  mixture  thoroughly  and  allow  to  stand  at  room  temperature  for 
mmutes^  Use  a  pH  meter  to  indicate  the  apparent  pH  after  each 
ddition  of  acid  as  the  sample  is  titrated  with  IN  hydrochloric  acid 
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prepared  in  the  ethylene  glycol-isopropanol  mixture.  Determine  the 
neutralization  point  by  plotting  apparent  pH  against  milliliters  of  acid. 

Milliliters  of  HClxN  _  moles  of  secondary  plus  tertiary  amine 

Grams  of  sample  x  1000  gram  of  sample 

In  the  case  of  the  aliphatic  amines,  two  breaks  are  usually  obtained  in 
the  titration  curve  after  the  addition  of  the  salicylaldehyde.  This  is 
because  the  Schiff  bases  of  the  aliphatic  amines  still  have  a  noticeable 
basicity,  although  it  is  not  so  great  as  that  of  the  original  primary  amine 
or  that  of  the  secondary  and  tertiary  amines.  The  first  break  in  the  curve, 
therefore,  is  the  secondary  plus  the  tertiary  amine  content  of  the  sample. 
The  difference  between  the  first  and  second  breaks  represents  the  primary 
amine  content  of  the  sample. 

PROCEDURE  C 

TERTIARY  AMINES 

Accurately  weigh  a  sample  that  contains  approximately  0.02  mole  of 
tertiary  amine  in  a  20x150  mm  test  tube  and  cool  by  placing  it  in  a 
beaker  of  ice.  Slowly  add  10  ml  of  acetic  anhydride  while  swirling  the  test 
tube.  Allow  the  test  tube  and  contents  to  stand  for  15  minutes  at  room 
temperature.  Quantitatively  transfer  the  contents  from  the  test  tube  into  a 
150-ml  beaker  by  washing  with  1 : 1  ethylene  glycol-isopropanol  mixture. 

Add  ethylene  glycol-isopropanol  mixture  until  the  volume  is  approxi¬ 
mately  50  ml.  Use  a  pH  meter  to  indicate  the  apparent  pH  after  each 
addition  of  acid  as  the  sample  is  titrated  with  IN  hydrochloric  acid 
prepared  in  the  ethylene  glycol-isopropanol  mixture.  Determine  the 
neutralization  point  by  plotting  the  apparent  pH  against  milliliter  of  acid. 

Milliliters  of  HClxN  moles  of  tertiary  amines 
Grams  of  sample  x  1000  gram  of  sample 


CALCULATIONS 


PRIMARY  AMINE 

Moles  of  total  amine 
Gram 


moles  of  secondary-!- tertiary  amine 

gram 

moles  of  primary  amine 


gram 
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'  Moles  of  primary  amine  wt  0f  primary  amine  x  100 

Gram 

=  %  primary  amine 

SECONDARY  AMINE 

Moles  of  secondary  amine  +  tertiary  amine  moles  of  tertiary  amine 

Gram  gram 

moles  of  secondary  amine 
gram 

Moles  of  secondary  amine  ^  w(  q[  secondary  aminex  100 
Gram 

=  %  secondary  amine 


TERTIARY  AMINE 

Moles  of  tertiary  amine  ,  .*  »  . 

- - - xmol.  wt.  of  tertiary  aminex  100 

Gram 

=  %  tertiary  amine 


Aliphatic  and  alicyclic  systems  that  have  been  used  with  this  method  of 
analysis  include  the  butyl,  dibutyl,  and  tributyl  amines;  lauryl  amine,  N- 
methyl-  and  N,N-dimethyl  lauryl  amines;  cyclohexylamine,  N-methyl- 
and  N,N-dimethyl  cyclohexylamines;  piperidine,  and  N-ethyl  piperidine. 

One  of  the  desirable  features  of  this  system  of  analysis  is  the  small 
number  of  interferences.  First  of  all,  for  a  substance  to  be  an  interference, 
it  has  to  be  basic.  In  the  determination  of  tertiary  amines,  most  basic 
impurities  are  neutralized  by  the  acetic  anhydride,  thus  are  removed.  In 
the  primary  amine  determination,  it  is  the  decrease  in  basicity  on  addition 
of  salicylaldehyde  that  is  measured.  Any  basic  impurity  is  figured  in  both 
titrations  and  does  not  affect  the  difference. 


A  basic  impurity  will  affect  only  the  determination  of  the  secondary 

amine.  If  the  alkaline  impurity  is  strong  enough,  however,  it  can  be 

determined  by  a  differential  titration  in  the  presence  of  the  aromatic 

amines,  which  are  very  weak  bases.  The  secondary  amine  value  can  then 

be  corrected.  Ammonia  present  in  mixtures  of  aniline,  monoethyl,  and 

diethyl  aniline  was  handled  very  satisfactorily  by  the  foregoing  technique 

It  was  found  impossible  to  determine  N,N-di(/3-hydroxyethyl)  aniline 

by  the  tertiary  amine  procedure.  On  acetylation,  the  hydroxyl  groups  or 

the  molecule  were  esterified,  and  this  resulted  in  such  a  decrease  in  the 

basicity  of  the  compound  that  it  was  no  longer  titrable  even  in  the  special 
solvent  mixture.  v 
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It  was  also  found  that  systems  containing  diphenylamine  and  triphenyl- 
amine  could  not  be  determined  because  these  materials  are  too  weakly 
basic  to  be  titrated. 

In  the  determination  of  secondary  plus  tertiary  amines,  the  buffering 
action  of  the  Schiff  base  formed  after  the  reaction  with  salicylaldehyde  is 
sometimes  strong  enough  to  decrease  the  sensitivity  of  the  titration  curve. 
In  these  cases  it  is  advisable  to  make  the  plotted  curve  more  sensitive  by 
extending  the  pH  scale  of  the  graph  over  a  greater  length  so  that  each  di¬ 
vision  on  the  graph  equals  a  smaller  pH  unit.  In  this  way  the  break  in  the 
curve  will  be  accentuated,  and  a  more  accurate  reading  is  made  possible. 

The  foregoing  procedures  provide  an  easily  applicable  way  of  deter¬ 
mining  primary,  secondary,  and  tertiary  amines  when  all  are  present  in 
the  sample.  Combinations  of  these  procedures  can  also  be  applied  to 
determine  mixtures  when  only  two  of  the  three  types  of  amine  are 
present.  In  the  latter  case,  however,  other  techniques  can  sometimes  be 
used  to  give  the  analysis  for  the  two  components  more  directly,  more 
accurately,  or  faster. 

The  procedure  for  tertiary  amines  just  described  is  the  most  efficient 
for  these  compounds  when  they  are  in  the  presence  of  primary  or 
secondary  amines.  This  procedure  for  primary  amines  is  a  very  good 
method  for  determining  these  compounds  in  the  presence  of  secondary 
amines.  If  the  mixture  to  be  analyzed  consists  of  a  primary  and  a  tertiary 
amine,  however,  the  primary  amine  is  best  determined  by  the  acetylation 
procedure  of  Ogg,  Porter,  and  Willits  (19).  The  acetylation  procedure  is 
faster  to  carry  out  than  the  salicylaldehyde  method.  It  must  be  kept  in 
mind  that  alcohols  will  interfere  with  the  acetylation  method. 

The  acetylation  method  is  also  the  best  way  of  determining  secondary 
amines  in  the  presence  of  tertiary  amines  and  is  a  more  direct  analysis 
than  determining  total  amines  and  subtracting  the  tertiary  amine. 


System  of  F.  Critchfield  and  J.  B.  Johnson 

[Reprinted  in  Part  from  Anal  Chem.,  28 ,  430-6  (1956)] 

In  the  methods  presented  here  the  reaction  of  primary  and  secondary 
amines  with  carbon  disulfide  to  form  dithiocarbamic  acids  has  been 

utilized  (20)  S 

RNH.,  +  CS2  ==  R— NH— C— SH  0) 

19.  C.  L.  Ogg.  W.  L.  Porter,  and  C.  O.  Willits,  Ind.  Eng.  Chem..  Anal.  Ed..  17,  397  (1945); 

see  also  pp.  12-14  of  this  book. 

20.  A.  W.  Hofman,  Ber.,  1,  169  (1868). 
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and  ^ 

11  m 

R2NH  +  CS2  ^  R2N— C— SH  (8) 

It  has  been  found  that,  under  certain  conditions,  these  dithiocarbamic 
acids  can  be  titrated  directly  and  quantitatively  with  standard  sodium 
hydroxide.  This  principle  has  been  utilized  for  the  analysis  of  mixtures  of 
aliphatic  amines,  inorganic  base— amine,  acid— amine,  or  carboxylic  acid 
anhydride. 


DETERMINATION  OF  PRIMARY  AND  SECONDARY 
ALIPHATIC  AMINES  AND  ANALYSIS  OF  AMINE-ACID 
AND  AMINE-STRONG  BASE  MIXTURES 

This  section  describes  a  specific  method  for  the  direct  determination  of 
the  total  primary  and  secondary  amine  content  in  the  presence  of  tertiary 
amines.  An  excess  of  carbon  disulfide  is  reacted  with  the  primary  or 
secondary  amine  in  an  essentially  nonaqueous  medium  such  as  isopropyl 
alcohol  or  a  pyridine-isopropyl  alcohol  mixture.  The  dithiocarbamic  acid 
formed  in  the  reaction  is  then  titrated  with  standard  sodium  hydroxide 
using  phenolphthalein  indicator.  Potentiometric  curves  for  the  titration  of 
the  reaction  products  of  carbon  disulfide  and  three  amines  are  shown  in 
Fig.  11.12.  The  method  is  unique  in  that  primary  and  secondary  amines 
are  converted  to  acids  and  titrated  with  a  base.  This  permits  the  determi¬ 
nation  of  these  amines  in  the  presence  of  strong  inorganic  bases,  am¬ 
monia,  tertiary  amines,  and  most  acids. 


APPARATUS  AND  REAGENTS 

All  potentiometric  titrations  were  performed  using  a  Leeds  &  Northrup  line- 
operated  pH  meter  equipped  with  glass  and  calomel  electrodes. 

Carbon  disulfide,  reagent  grade. 

Isopropyl  alcohol,  commercial  grade,  Carbide  and  Carbon  Chemicals  Co. 
Pyridine,  redistilled.  This  material  should  contain  less  than  0.0005  meq.  of 

primary  and  secondary  amines  per  gram.  The  amines  are  determined  by  the 
procedure  described  below. 

Sodium  hydroxide,  0.5N. 

Hydrochloric  acid,  0.5 N. 

Phenolphthalein,  1.0%  pyridine  solution. 

Thymolphthalein,  1.0%  pyridine  solution. 
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Fig.  11.12.  Potentiometric  titration  curves  of  dithiocarbamic  acids 
from  reactions  of  carbon  disulfide  with  primary  and  secondary 
amines:  1,  0.6771  gram  of  isopropanolamine,  solvent  C;  2,  0.2868 
gram  of  ethylenediamine,  solvent  A;  3,  1.3085  grams  of  dibutyl- 
amine,  solvent  B ;  P,  phenolphthalein  end  point. 


PROCEDURE 

To  each  of  two  250-ml  glass-stoppered  Erlenmeyer  flasks,  add  the 
solvent  specified  in  Table  20.  Reserve  one  of  the  flasks  as  a  blank.  Into 
the  other  flask  introduce  an  amount  of  sample  that  contains  not  more 
than  15  meq.  of  primary  or  secondary  amine.  The  sample  aliquot  should 
contain  not  more  than  15  meq.  of  alkali  or  acid,  and  the  total  tertiary 
amine  and  ammonia  content  should  not  exceed  30  meq.  If  the  sample 
contains  alkali,  it  should  be  neutralized  with  standard  0.5  N  hydrochloric 
acid  using  thymolphthalein  indicator.  For  samples  that  contain  acids 
neutralize  with  standard  0.5N  sodium  hydroxide.  For  samples  void  o 
alkalies  or  acids,  use  phenolphthalein  indicator  If  more  than  2.0  meq.  of 
ammonia  is  present  in  the  sample  aliquot,  cool  the  contents  of  the  flas 
to  approximately  -10°C.  Carbon  dioxide  from  a  dry  ice-orgamc  solvent 
batfHnterferes  in  the  subsequent  titration;  therefore  a  brine  bath  is  mos 

TZS.  -  SSEK  ™,  ol  carbon  disulfide  ,o  e.cb  end  - 
to  effect  solution.  Titrate  the  contents  of  each  flask  with  0.5 N 


Table  20.  Analysis  of  Primary  and  Secondary 


Amines  by  Reaction  with  Carbon  Disulfide 


Solvent  Average  Purity,  wt.  %a 


Compound  Composi¬ 

tion 

Carbon  Disulfide 
Method 

Otherb 

2-Aminoethylethanolamine 

A 

100.0  ±0.0(2) 

100.0  ±0.1  (2)c 

N-Aminoethylmorpholine 

A 

98.6  ±0.1(4) 

98.8  ±  0.1  (2)c 

Butylamine 

B 

97.9(1) 

97.5  ±  0.1  (2) 

Butylamine,  secondary 

C 

96.4  ±0.1(2) 

96.4  (1) 

Dibutylamine 

B 

100.1  ±0.0(2) 

99.7  ±  0.0(2) 

Diethanolamine 

C 

99.8  ±0.1  (2) 

99.8(1) 

Diethylamine 

B 

97.4  ±0.1(3) 

97.4(1) 

Diethylenetriamine 

A 

92.0  ±  0.0  ( 2)d 

98.1  (l)c 

Di(2-ethylhexyl)amine 

.  C 

100.0  ±0.1(2) 

99.5  ±0.1  (2) 

Dihexylamine 

B 

93.4(1) 

93.4  ±0.1  (2) 

Dimethylamine,  aqueous 

B 

39.6  ±0.0(2) 

39.6(1) 

2,6-Dimethylpiperazine 

A 

98.9  ±0.1(2) 

99.5  (l)c 

Ethanolamine 

C 

99.3  ±0.2(3) 

99.2  ±0.2(2) 

Ethylamine,  aqueous 

B 

70. 2e 

70.2  ±0.1(2) 

Ethylenediamine 

A 

99.3  ±0.2(2) 

99.2(1) 

2-Ethylhexylamine 

C 

99.0(1) 

98.7(1) 

Hexylamine 

B 

98.9(1) 

99.1  ±0.0(2) 

Isobutylamine 

B 

99.3  ±0.1  (2) 

98.8(1) 

Isopropanolamine 

C 

99.2  ±0.1  (2) 

99.2  ±0.0(2) 

Isopropylamine 

C 

99.1  ±0.2(2) 

99.2(1) 

Methylamine,  aqueous 

B 

44.9  ±0.1  (2) 

45.0(1) 

Morpholine 

A 

99.3  ±0.1  (4) 

99.4(1) 

Propylenediamine 

A 

99.0  ±0.0(2) 

98.9(1) 

a  Figures  in  parentheses  represent  number  of  determinations. 

b  By  titration  in  water  with  standard  0.5  A  hydrochloric  acid  using  bromocresol 
green-methyl  red  mixed  indicator,  unless  otherwise  specified. 

By  titration  in  glacial  acetic  acid  with  standard  0.1  A  perchloric  acid  using 
crystal  violet  indicator. 

d  Sample  contains  0.34  meq.  of  tertiary  amine  per  gram. 

e  Standard  deviation  for  8  degrees  of  freedom  is  0.11. 

A  —  50  ml.  of  pyridine,  25  ml.  of  water,  and  50  ml.  of  isopropyl  alcohol. 

B  —  75  ml.  of  isopropyl  alcohol.  If  more  than  2.0  meq.  of  ammonia  is  present 
add  25  ml.  of  pyridine. 

C  —  25  ml.  of  pyridine  and  75  ml.  of  isopropyl  alcohol. 
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hydroxide.  For  sample  aliquots  that  contain  more  than  2.0  meq.  of 
ammonia,  conduct  this  titration  below  0°C,  by  placing  the  flask  in  a 
1000-ml  beaker  containing  a  mixture  of  crushed  ice  and  methanol.  Stir 
the  contents  of  the  flask  by  means  of  a  magnetic  stirrer  to  prevent  a  local 
excess  of  sodium  hydroxide  from  accumulating  in  the  titration  medium. 
The  end  point  selected  should  be  the  first  definite  pink  color  for  phenol- 
phthalein,  or  blue  or  blue-green  for  thymolphthalein.  The  color  should  be 
stable  at  least  1  minute. 

For  samples  that  contain  alkalies,  the  amount  of  hydrochloric  acid 
consumed  in  the  first  titration  is  a  measure  of  the  alkali.  For  samples  that 
contain  acids,  the  amount  of  sodium  hydroxide  necessary  to  neutralize  the 
sample  is  a  measure  of  the  acid  present.  The  amount  of  standard  sodium 
hydroxide  necessary  to  neutralize  the  sample  after  the  addition  of  carbon 
disulfide  is  a  direct  measure  of  the  primary  and  secondary  amine  content 
of  the  sample. 


DISCUSSION 


In  the  presence  of  a  large  excess  of  carbon  disulfide,  the  reaction  of 
primary  and  secondary  amines  to  give  dithiocarbamic  acids  is  approxi¬ 
mately  90  to  95%  complete.  In  general,  secondary  amines  are  more 
reactive  than  primary  amines.  To  adapt  this  reaction  to  a  quantitative 
method  of  analysis,  it  is  forced  to  completion  by  means  of  the  sodium 
hydroxide  titrant.  The  potentiometric  titration  curves  in  Fig.  11.12  were 
obtained  by  permitting  the  system  to  reach  equilibrium  before  the  addi¬ 
tion  of  each  increment  of  titrant.  Usually  equilibrium  is  established 
rapidly,  except  in  the  vicinity  of  the  equivalence  point. 

An  attempt  was  made  to  determine  the  dithiocarbamic  acids  by  the 
addition  of  a  measured  excess  of  sodium  hydroxide,  and  subsequent 
determination  of  the  excess  by  titration  with  standard  hydrochloric  acid. 
Results  obtained  in  this  manner  were  erroneous  because  of  the  incom¬ 
patibility  of  sodium  hydroxide  and  carbon  disulfide.  In  isopropyl  alcohol 
medium  and  in  the  presence  of  excess  sodium  hydroxide,  carbon  disulfide 
reacts  with  the  solvent  to  form  a  xanthate.  Xanthate  formation  is  even 
more  pronounced  when  methyl  or  ethyl  alcohol  is  substituted  for  iso¬ 
propyl  alcohol  Because  of  the  tendency  of  isopropyl  alcohol  to  react  with 
ca£  disulfide  and  sodium  hydroxide,  the  end  points  obtained  m  this 
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amines,  substituted  ureas  are  formed  by  the  evolution  of  hydrogen  sulfide 
(20).  Diamines,  such  as  ethylenediamine,  also  liberate  hydrogen  sulfide 
but  give  polyalkylurea  derivatives  (21).  Pyridine  present  in  the  reaction 
medium  acts  as  a  proton  acceptor  and  tends  to  force  the  reaction  of 
carbon  disulfide  with  primary  and  secondary  amines  to  completion. 

Listed  in  Table  20  are  several  primary  and  secondary  amines  that  have 
been  determined  successfully  by  this  method.  In  each  case  the  purity 
obtained  by  the  carbon  disulfide  method  is  compared  to  the  purity 
obtained  by  another  acid-base  titration  method.  Also  listed  are  the 
solvent  mixtures  recommended  for  the  determination  of  these  amines. 
Solvent  A,  which  contains  50  ml  of  pyridine,  25  ml  of  water,  and  50  ml  of 
isopropyl  alcohol,  is  used  for  the  determination  of  amines  that  give 
dithiocarbamic  acids  insoluble  in  isopropyl  alcohol.  Solvent  £,  isopropyl 
alcohol,  is  used  for  reactive  amines  that  give  soluble  reaction  products. 
Solvent  C,  which  contains  75  ml  of  isopropyl  alcohol  and  25  ml  of 
pyridine,  is  recommended  for  unreactive  amines  that  give  soluble  reaction 
products.  Of  the  primary  and  secondary  amines  investigated,  only  the 
aromatic  amines  and  aliphatic  amines  that  are  highly  branched  in  the 
2-position,  such  as  tertiary  butylamine  and  diisopropylamine,  do  not  react 
quantitatively  under  the  conditions  of  the  method. 

Although  the  reaction  of  primary  and  secondary  amines  with  carbon 
disulfide  is  specific,  there  is  a  slight  tendency  for  ammonia  to  react  with 
the  reagent.  The  extent  of  the  reaction  is  shown  in  Table  21,  which  gives 
data  for  the  determination  of  butylamine  in  the  presence  of  ammonia.  It 
can  be  seen  that  at  temperatures  below  0°C  the  interference  is  negligible. 
At  room  temperature,  however,  the  reaction  is  appreciable.  In  general, 
the  reaction  is  more  pronounced  in  pyridine  medium  than  in  isopropyl 
alcohol.  For  this  reason  pyridine  alone  is  not  used  as  a  solvent  for  the 


reaction.  Even  in  the  absence  of  ammonia,  it  is  necessary  to  use  either 
isopropyl  alcohol  or  water  as  a  cosolvent  to  solubilize  the  sodium  hydrox¬ 
ide  in  the  titrant.  As  stated  previously,  methanol  cannot  be  used  because 
of  xanthate  formation.  The  maximum  amount  of  ammonia  that  can  be 
tolerated  is  given  under  Procedure. 

Tertiary  amines  do  not  react  with  carbon  disulfide.  In  the  method 
described  here,  large  quantities  of  pyridine  (a  tertiary  amine)  have  been 
used  as  a  cosolvent.  The  extent  of  interference  from  tertiary  amines  is 
determined  by  the  basicity  of  the  amine  in  the  titration  medium  Under 
the  conditions  of  the  method,  as  much  as  30  meq.  of  most  tertiary  amines 
o  interfere.  Tertiary  amines  and  ammonia  are  more  basic  in 
isopropyl  alcohol  than  in  pyridine-isopropyl  alcohol  mixtures.  When  laree 
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Table  21.  Determination  of  Butylamine  in  Aqueous  Ammonia  Solutions 


(Extent  of  ammonia  interference) 
Added 


Butylamine 


Ammonia 

Butylamine 

Found 

i^cviauun 

Ammonia-butylamine 

27.00 

6.73 

6.79b 

+0.06 

23.50 

18.85 

18.956 

+0.10 

19.40 

32.60 

33.1 0b 

+0.50 

Ammonia 

29.00 

0.00 

o.oo6 

0.00 

2.90 

0.00 

0.00c 

0.00 

5.80 

0.00 

0.28c 

+0.28 

29.00 

0.00 

0.73c 

+0.73 

a  All  values  are  per  cent  by  weight. 

b  Reaction  with  carbon  disulfide  and  subsequent  titration  at  <0°C. 
c  Reaction  with  carbon  disulfide  and  subsequent  titration  at  25°C. 


quantities  of  tertiary  amines  or  ammonia  are  present,  it  is  sometimes 
necessary  to  add  sufficient  pyridine  to  suppress  the  basicity  of  these 
compounds. 

Because  the  method  is  based  on  an  alkalimetric  titration,  compounds 


that  are  acidic  or  basic  under  the  conditions  of  the  titration  will  interfere. 
Acids  with  ionization  constants  greater  than  approximately  1  x  1(T7  in 
water  and  bases  with  ionization  constants  greater  than  about  1x10 
interfere  quantitatively.  Figure  11.13  plots  a  potentiometric  titration  of 
an  aqueous  mixture  of  sodium  hydroxide  and  morpholine.  The  curve  was 
obtained  by  first  titrating  the  sodium  hydroxide  with  standard  hydro¬ 
chloric  acid.  After  this  equivalence  point  was  obtained,  carbon  disulfide  was 
added  and  the  dithiocarbamic  acid  formed  by  reaction  with  morpholine 
was  titrated  with  standard  sodium  hydroxide.  The  amount  of  morpholine 
present  in  the  sample  was  calculated  from  the  total  amount  of  sodium 
hydroxide  titrant  added  minus  the  hydrochloric  acid  titrant  added  in 
excess  of  the  first  equivalence  point.  Table  22  shows  data  for  the  analysis 
of  known  mixtures  of  morpholine  and  sodium  hydroxide.  These  data  were 
obtained  in  the  manner  just  described,  except  that  thymolphtha em 
indicator  was  used,  and  the  titration  of  sodium  hydroxide  w.th  hydro- 
chSc  add  was  not  extended  beyond  the  end  point.  Although  other 
methods  are  available  for  the  analysis  of  mixtures  of  this  type,  the  method 
described  is  of  merit  because  a  single  sample  is  sufficien  or 
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Fig.  11.13.  Potentiometric  titration  curve  for  determination  of  a  mixture 
containing  3.46%  sodium  hydroxide  and  18.5%  morpholine. 

Mixtures  of  acids  and  primary  and/or  secondary  amines  can  be 
analyzed  by  a  procedure  similar  to  that  described.  Figure  11.14  shows  a 
potentiometric  titration  of  a  mixture  of  morpholine  and  hydrochloric  acid. 
The  hydrochloric  acid  present  in  the  sample  was  titrated  with  standard 
sodium  hydroxide.  After  the  end  point  was  obtained,  carbon  disulfide  was 
added  and  the  titration  of  the  dithiocarbamic  acid  was  performed.  The 


Table  22.  Analysis  of  Aqueous  Morpholine-Sodium  Hydroxide  Mixtures  of  Known 

Composition  by  Carbon  Disulfide  Reaction 

Added"  Found"  Deviation" 


Morpholine  NaOH  Morpholine  NaOH  Morpholine  NaOH 


2.80  +0.20  +0.01 

3.57  0.00  +0.01 

2.94  +0.10  +0.05 

3.55  +0.10  -0.02 

4.02  +0.07  -0.02 

4.19  +0.02  -0.03 


34.2 

16.0 

31.9 

15.9 
3.60 
0.48 


2.79 

3.56 
2.89 

3.57 
4.04 
4.22 


34.0 

16.0 

32.0 

16.0 

4.67 

0.50 


a  All  values  are  per  cent  by  weight. 
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Fig.  11.14.  Potentiometric  titration  curve  for  determination 
of  a  mixture  containing  3.39%  hydrochloric  acid  and  4.56% 
morpholine. 

data  in  Table  23,  for  the  analysis  of  morpholine-hydrochloric  acid  mix¬ 
tures  and  dibutylamine-acetic  acid  mixtures,  were  obtained  in  this  man¬ 
ner,  except  that  thymolphthalein  indicator  was  used.  This  method  should 
be  of  considerable  advantage  for  the  analysis  of  amine-acid  mixtures 
because  the  use  of  a  single  sample  makes  the  method  rapid  and  conve- 

nient. 

By  combining  the  method  presented  here  with  a  total  base  and  a 
tertiary  amine  determination,  it  is  possible  to  determine  indirectly  the 

Table  23.  Analysis  of  Aqueous  Amine-Acid  Mixtures  of  Known  Composition  by 

Carbon  Disulfide  Reaction 


Sample 


Added" 


Acid  Amine 


Found" 


Acid  Amine 


Deviation" 


Acid  Amine 


Morpholine- hydrochloric 


2.32 

34.50 

2.39 

2.92 

17.60 

2.97 

3.37 

4.81 

3.40 

3.51 

0.84 

3.52 

33.90 

+0.07 

-0.60 

16.40 

+0.05 

-0.20 

4.78 

+0.03 

-0.03 

0.85 

+0.01 

+0.01 

61.80 

-0.30 

+0.60 

89.80 

0.00 

0.00 

12.60 

+0.10 

+0.20 

Dibutvlamine-acetic  acid 


38.80  61.20  38.50 

10.20  89.80  10.20 

87.60  12.40  87.70 


a  All  values  are  per  cent  by  weight. 
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amount  of  ammonia  present  in  a  particular  sample.  A  further  discussion  is 
given  below. 


ANALYSIS  OF  MIXTURES  OF  AMMONIA  AND  PRIMARY, 
SECONDARY,  AND  TERTIARY  ALIPHATIC  AMINES 

The  analysis  of  mixtures  of  amines  and  ammonia  is  a  difficult  analytical 
problem  that  confronts  any  manufacturer  or  consumer  of  amines.  For  the 
complete  resolution  of  amine  mixtures,  a  method  of  analysis  must  be 
available  for  the  specific  determination  of  either  primary  or  secondary 
amine.  The  salicylaldehyde  method  of  Siggia,  Hanna,  and  Kervenski  (22, 
see  pp.  569-72)  and  the  benzaldehyde  procedure  of  Hawkins,  Smith,  and 
Mitchell  (23)  have  been  used  for  the  determination  of  secondary  and 
tertiary  amines  in  the  presence  of  primary  amines.  Ammonia  interferes  in 
these  methods  and  must  be  removed. 

A  specific  method  for  primary  and  secondary  amines  has  just  been 
described  in  which  the  amines  are  reacted  with  carbon  disulfide  and  the 
dithiocarbamic  acids  formed  are  titrated  with  standard  sodium  hydroxide. 
Ammonia  and  tertiary  amines  do  not  interfere  in  this  method.  In  this 
method  primary  amines  are  reacted  with  2-ethylhexaldehyde  to  form  the 
corresponding  imine. 

C4H9  H  H 

\l  I 

RNH,  +  C— C=0 

/ 

C2H5 

Secondary  amines  do  not  react  with  the  aldehyde  and  are  converted  to 
the  corresponding  dithiocarbamic  acids,  as  in  eq.  8.  The  imines  from  the 
primary  amines  do  not  react  with  carbon  disulfide  to  form  acids  and 
therefore  do  not  interfere.  The  dithiocarbamic  acids  are  titrated,  at 
reduced  temperature  and  in  organic  medium,  with  standard  sodium 
hydroxide  using  phenolphthalein  indicator.  The  imines  formed  according 
to  eq.  9,  ammonia,  and  tertiary  amines,  are  not  basic  under  these 
conditions  and  do  not  interfere. 


H  H  C4H9 

I  1/ 

R — N=C — C  +  H20  (9) 

\ 


REAGENTS 

Carbon  disulfide,  reagent  grade. 

Isopropyl  alcohol.  Carbide  and  Carbon  Chemicals  Company,  commercial  grade. 

22.  S.  Siggia,  J.  G.  Hanna,  and  I.  R.  Kervenski,  Anal.  Chem.  22.  1295  (195m 

23.  W.  Hawkins,  D.  M.  Smith,  and  J.  Mitchell.  Jr„  J.  Am.  Chem.  Soc.~.  66.  1662  (19441. 
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Pyridine,  redistilled.  This  material  should  not  contain  more  than  0.0002  meq.  of 
primary  and  secondary  amines  per  gram. 

2-Ethylhexaldehyde,  50%  by  volume  pyridine  solution  containing  approxi¬ 
mately  0.5%  phenyl-l-naphthylamine  inhibitor.  The  2-ethylhexaldehyde  used 
was  Carbide  and  Carbon  Chemicals  Company  commercial  grade.  The  reagent  was 
stored  in  brown  bottles  and  discarded  when  the  blank  described  below  exceeded 
0.5  ml. 

Phenolphthalein,  1.0%  pyridine  solution. 

Sodium  hydroxide,  0.5 N. 


PROCEDURE 

Pipet  10.0  ml  of  the  2-ethylhexaldehyde  solution  into  each  of  two 
250-ml  glass-stoppered  Erlenmeyer  flasks.  If  specified  in  Table  24,  add 
50  ml  of  isopropyl  alcohol  to  each  flask.  Reserve  one  of  the  flasks  as  a 
blank.  Into  the  other  flask  introduce  an  amount  of  sample  that  contains 
not  more  than  13  meq.  of  secondary  amine.  The  combined  ammonia  and 
tertiary  amine  content  of  the  sample  aliquot  should  not  exceed  30  meq. 
The  primary  amine  content  of  the  sample  aliquot  should  be  less  than 
16  meq.  Allow  the  sample  and  blank  to  stand  at  room  temperature  for 
5  minutes  and  add  the  solvent  mixture  specified  in  Table  24.  Cool  the 
contents  of  the  flask  to  -10±2°C  using  a  suitable  bath.  Do  not  use  dry 
ice-organic  solvent  baths  because  carbon  dioxide  interferes  in  the  titra¬ 
tion.  Remove  the  flasks  from  the  bath  and  add  5  ml  of  carbon  disulfide  by 
means  of  a  pipet.  Add  5  or  6  drops  of  phenolphthalein  indicator  to  each 
flask,  and  immediately  titrate  with  standard  0.5 N  sodium  hydroxide  at 
below  0°C.  This  is  best  done  by  placing  the  flask  in  a  1000-ml  beaker 
containing  a  slurry  of  crushed  ice  and  methanol.  Stir  the  contents  of  the 
flask  by  means  of  a  magnetic  stirrer.  The  end  point  selected  should  be  the 
first  definite  pink  color  that  is  stable  for  at  least  1  minute. 


DISCUSSION 


It  has  already  been  mentioned  that  most  aliphatic  secondary  amines 
react  with  carbon  disulfide;  under  the  conditions  of  the  first  method 
described,  they  can  be  quantitatively  titrated  as  the  dithiocarbam.c  acids. 
Aromatic  amines  and  highly  branched  amines  such  as  diisopropylamine 
cannot  be  titrated  in  this  manner.  The  limiting  factor  in  this  method  for 
the  determination  of  secondary  amines  in  the  presence  of  pnmary  ammes 
is  the  ability  to  destroy  the  primary  amine  quantitatively  Several  a 
dehydes  were  investigated  for  this  purpose.  Any  aldehyde  suitable  for  use 
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Table  24 


.  Determination  of  Secondary  Amines  by  Use  of  the 
2-Ethylhexaldehyde-Carbon  Disulfide  Metho 


Compound 


Purity,  wt.  %u 

Solvent  _ _ 

Mixture  Carbon  Disulfide 

Method  Other* 6 


Dibutylamine 

B 

Diethylamine 

B 

Di(2-ethylhexyl)amine 

C 

Dihexylamine 

B 

Dimethylamine,  aqueous 

D 

2,6-Dimethylpiperazine 

A 

Morpholine 

A 

99.6  ±0.0(2) 
96. 8C 

98.6  ±0.1  (2) 
92.7(1) 

38.6  ±0.05(3) 
98.8  ±0.05(2) 
99.3  ±0.1  (2) 


99.7  ±0.0(2) 
97.4(1) 

99.5  ±0.1  (2) 

93.4  ±0.0(2) 
39.6(1) 

99.5  (\)'1 
99.4(1) 


a  Figures  in  parentheses  represent  number  of  determinations. 

6  By  titration  with  standard  hydrochloric  acid  to  bromocresol  green-methyl 
red  mixed  indicator  unless  otherwise  indicated. 

c  Standard  deviation  for  6  degrees  of  freedom  is  0.16. 

d  By  titration  with  standard  perchloric  acid  in  acetic  acid  using  crystal  violet 
indicator. 

A  =  50  ml.  of  pyridine,  25  ml.  of  water,  and  50  ml.  of  isopropyl  alcohol. 

B  =  75  ml.  of  isopropyl  alcohol.  If  more  than  2  meq.  of  ammonia  is  present, 
add  sufficient  pyridine  to  suppress  its  basicity. 

C  =  75  ml.  of  isopropyl  alcohol  and  25  ml.  of  pyridine. 

D  =  Reaction  with  2-ethylhexaldehyde  in  presence  of  50  ml.  of  isopropyl 
alcohol.  Add  25  ml.  isopropyl  alcohol  before  reaction  with  carbon  disulfide. 


in  this  method  must  have  the  following  characteristics:  (1)  resistance  to 
sodium  hydroxide,  (2)  resistance  to  oxidation,  (3)  ability  to  react  with 
primary  amines  to  form  imines,  and  (4)  failure  to  react  with  secondary 
amines.  Salicylaldehyde  meets  these  requirements  satisfactorily  but  can¬ 
not  be  used  in  the  method  because  it  is  acid  to  phenolphthalein.  Benzal- 
dehyde  satisfies  conditions  1,  2,  and  4,  but  is  easily  oxidized  to  benzoic 
acid,  thus  causing  unstable  blanks.  Lower  aliphatic  aldehydes,  such  as 
formaldehyde,  acetaldehyde,  propionaldehyde,  and  butyraldehyde,  tend 
to  react  with  secondary  amines.  Of  all  the  aldehydes  investigated,  2- 
ethylhexaldehyde  was  found  to  be  best  suited  for  use  in  this  method 
(isobutyraldehyde  is  less  effective  than  ethylhexaldehyde  for  reaction  of 
primary  amine).  The  aldehyde  is  sufficiently  resistant  to  sodium  hydroxide 
titrant.  Although  autoxidation  occurs  to  a  slight  extent,  it  can  be  inhibited 
by  the  addition  of  phenyl-l-naphthylamine  to  the  aldehyde  reagent  In 
one  instance  an  apparent  reaction  of  2-ethylhexaldehyde  with  a  secon¬ 
dary  amine  was  noted,  giving  low  results.  For  the  determination  of 
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dimethylamine  in  the  presence  of  methylamine,  it  was  necessary  to  carry 
out  the  reaction  with  2-ethylhexaldehyde  in  50  ml  of  isopropyl  alcohol  to 
inhibit  the  reaction  with  dimethylamine.  In  all  other  cases  the  reaction 
takes  place  with  10  ml  of  50%  by  volume  of  the  aldehyde  in  pyridine. 

2-Ethylhexaldehyde  reacts  quantitatively  with  most  simple  aliphatic 
primary  amines  to  form  the  corresponding  imine.  A  100%  excess  of  the 
aldehyde  is  sufficient  to  force  this  reaction  to  completion.  Using  a  50% 
excess  of  the  aldehyde,  high  results  were  obtained  for  the  determination 
of  dimethylamine  in  the  presence  of  methylamine,  thus  indicating  an 
insufficient  excess  of  aldehyde  reagent.  When  a  10-ml  aliquot  of  the 
reagent  is  used,  which  contains  approximately  32  meq.  of  aldehyde,  no 
more  than  16  meq.  of  primary  amine  should  be  present  in  the  sample 
aliquot  used  for  analysis.  This  aldehyde  does  not  react  quantitatively  with 
primary  alcohol  amines,  aromatic  amines,  primary  amines  highly 
branched  in  the  2-position  such  as  tert-butylamine  and  isopropylamine, 
and  polyamines  such  as  ethylenediamine.  When  the  amines  above  are 
present,  they  interfere  in  the  determination  of  secondary  amines  by  this 
method. 

Table  24  lists  several  secondary  amines  that  have  been  successfully 
determined  by  this  method;  only  the  secondary  amines,  whose  corres¬ 
ponding  primary  amines  react  quantitatively  with  2-ethylhexaldehyde,  are 
given.  Secondary  amines  for  which  no  corresponding  primary  amine  exists 
are  also  included.  The  purity  obtained  by  the  2-ethylhexaldehyde-carbon 
disulfide  method  is  compared  with  that  obtained  by  a  total  base  titration. 
The  data  obtained  by  the  former  method  are  usually  slightly  lower  than 
those  obtained  by  the  latter;  this  is  no  doubt  caused  by  the  presence  of 
small  amounts  of  primary  and  tertiary  amines  in  these  samples.  Also 
included  in  Table  24  is  the  solvent  mixture  recommended  for  each  amine. 
The  effect  of  the  solvent  on  the  reaction  of  these  amines  with  carbon 

disulfide  has  already  been  discussed. 

Data  are  listed  in  Table  25  for  the  analysis  of  several  mixtures  of 
primary  and  secondary  amines  of  known  composition.  In  a  few  cases  both 
the  primary  and  the  secondary  amine  contents  of  the  samples  were 
obtained.  For  these  analyses  the  total  primary  and  secondary  amine 
contents  were  determined  by  titration  of  the  corresponding  dithiocar- 
bamic  acids  of  these  amines.  Secondary  amines  were  determined  in  these 
samples  by  the  procedure  described  in  this  section,  and  the  primary  amine 

content  was  obtained  by  difference.  . 

Bv  using  this  method  for  the  specific  determination  of  seconda  y 

amines  and  the  carbon  disulfide  method  for  primary  and  secondary 
amines  combined  with  a  total  base  and  a  tertiary  amine  determination  it 
is  possible  to  resolve  certain  amine  mixtures  completely.  Listed  in  Table 


Amino  Groups 


585 


Tflhle  25.  Analysis  of  Known  Mixtures  of  Primary  and  Secondary  Amines  by  Use  of 
the  2-Ethylhexaldehyde-Carbon  Disulfide  Method 


Added,  wt.  % 

Mixture - 

Pri-  Second- 

mary  ary 


Found,  wt.  °/0a 


Primary  Secondary 


Deviation 


Pri-  Second- 
mary  ary 


Methylamine 

19.4 

22.3 

Hexylamines 

25.6 

65.6 

2-Ethylhexyl- 

79.8 

19.4 

amines 

39.0 

60.0 

49.6 

49.9 

Butylamines 

47.4 

51.8 

61.2 

38.5 

28.7 

69.5 

69.6 

30.2 

±0.03(2)  22.3  ±0.06(5)  0.0 

26.0  64.8  +0.4 

_  19.1  — 

—  60.4 

_  50.2  — 

±0.05(3)  51.8  ±0.05(3)  -0.3 

—  61.0  — 

_  28.9  — 

—  69.4 


0.0 

-0.8 

-0.3 

+0.4 

+0.3 

0.0 

-0.2 

+0.2 

-0.2 


a  Single  determinations  unless  otherwise  indicated  by  figures  in  parentheses. 

26  are  data  on  the  analysis  of  known  mixtures  of  ammonia  and  primary, 
secondary,  and  tertiary  amines.  The  data  were  obtained  as  described 
above.  For  the  determination  of  the  tertiary  amine  content,  the  samples 
were  reacted  with  acetic  anhydride  in  methanol;  the  tertiary  amine  was 
then  titrated  with  alcoholic  hydrochloric  acid  using  methyl  yellow- 
methylene  blue  mixed  indicator.  The  total  amine  content  was  determined 


Table  26.  Analysis  of  Known  Amine  Mixtures  by  the  Use  of  the 

2-Ethylhexaldehyde-Carbon  Disulfide  Method 


Mixture 


No.  1 


No.  2 


No.  3 


wt.  % 


Compound 

Added 

Found 

Deviation 

Ammonia 

5.5 

5.2 

-0.3 

Butylamine 

19.8 

19.9 

+0.1 

Dibutylamine 

20.9 

21.1 

+0.2 

Tributylamine 

16.6 

16.7 

+0.1 

Ammonia 

0.9 

0.7 

-0.2 

Butylamine 

25.7 

26.0 

+0.3 

Dibutylamine 

38.8 

38.9 

+0.1 

Tributylamine 

8.1 

8.3 

+0.2 

Ammonia 

1.8 

1.0 

-0  8 

Ethylamine 

26.0 

26.4 

+0  4 

Diethylamine 

43.8 

43.2 

—0  6 

Triethylamine 

21.6 

22.3 

+0.7 
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by  titration  in  water  with  standard  hydrochloric  acid  and  bromocresol 
green-methyl  red  mixed  indicator. 

Because  this  method  is  based  on  an  alkalimetric  titration  of  a  dithio- 
carbamic  acid,  materials  that  are  acidic  or  basic  under  the  condition  of  the 
titration  interfere.  The  maximum  amounts  of  ammonia  and  tertiary 
amines  that  can  be  tolerated  are  given  under  Procedure  in  the  section  on 
the  2-ethylhexaldehyde-carbon  disulfide  method.  A  more  detailed  discus¬ 
sion  of  interferences  is  in  the  section  on  the  determination  of  primary  and 
secondary  amines. 

This  method  should  be  of  considerable  use  for  the  analysis  of  mixtures 
of  simple  aliphatic  amines  and  for  the  determination  of  purities  of 
secondary  amines.  Mixtures  of  amines  and  ammonia  can  be  analyzed 
without  resorting  to  a  specific  removal  or  determination  of  ammonia. 
Even  in  the  presence  of  large  concentrations  of  ammonia,  certain  amine 
mixtures  can  be  completely  resolved.  The  lower  limit  of  determination  of 
ammonia,  using  the  two  carbon  disulfide  methods  with  a  tertiary  amine 
and  a  total  base  determination,  is  limited  because  ammonia  is  obtained  by 

difference. 


DETERMINATION  OF  PRIMARY  AMINES  IN  THE  PRESENCE 
OF  SECONDARY  AND  TERTIARY  AMINES 

All  the  methods  except  the  Van  Slyke  method  (see  below)  are  based  in 
one  way  or  another  on  the  Schiff  base  reaction 

rnh2+r,cho  -»  r,c=nr+h2o 

In  the  salicylaldehyde  methods  (pp.  567-73,  593-4)  the  change  in  the 
basicity  of  the  primary  amine  after  reaction  is  measured.  In  the  2, 
pentanedione  method  (pp.  594-600)  an  acidic  aldehyde  is  used  as  reagent 
and  the  excess  of  acid  is  measured.  In  the  carbon  disulfide  ethy - 
hexaldehyde  system  (pp.  581-86),  the  Schiff  base  reaction  is  used  to 
remove  the  primary  amine  from  the  reaction  system  to  permit  the  use  of 
carbon  disulfide.  In  the  benzaldehyde  method  (pp.  601-4)  the  measure¬ 
ment  of  water  in  the  reaction  above  is  used  for  analytical  purposes.  In 
copper-sXylaldehyde  method  (pp.  604-12),  a  colored  copper  complex  is 
formed  with  the  Schiff  base  and  the  color  is  measured. 

Van  Slyke  Method-Adapted  from  E.  F.  Hillenbrand,  Jr„  and  C.  A.  Pent* 

[. Reprinted  in  Par,  from  Organic  Analysis,  Voi  3 <  Edited  by  J.  MM.  Jr.,  e,  ai, 

Wiley -Interscience,  New  York,  1956,  pp.  1  -  J 

Th«  »  quantitative  adaption  o.  the »i™>  ..action  -  ^ 
tic  amino  groups  was  presented  by  Van  Slyke  u 
24.  D.  D.  Van  Slyke,  J.  Biol.  Chem.,  9,  185  (1911). 
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■  was  used  primarily  in  protein  studies  to  determine  ammo  groups  in  amino 
acids  the  method  may  be  extended  to  many  primary  amines. 

Nitrous  acid  reacts  with  certain  primary  amines  and  ammonia  to 
liberate  a  quantitative  volume  of  nitrogen.  Any  other  volatile  reaction 
products  are  removed  by  scrubbing  through  the  proper  solvents.  The  low 
molecular  weight  ethers  formed  as  reaction  products  from  methyl-  and 
ethylamine  are  water  soluble  enough  to  be  removed  by  scrubbing  through 
distilled  water.  As  the  molecular  weight  of  the  amine  increases,  however, 
the  volatile  reaction  products  must  be  scrubbed  through  solvents  such  as 
tributyl  phosphate  or  dimethoxytetraglycol  (Table  27).  The  volume  of 
nitrogen,  which  is  measured  in  a  gas  buret,  is  a  direct  measure  of  the 
primary  amine  or  ammonia  originally  present. 


REAGENTS 

Cylinder  nitrogen,  Linde  or  equivalent,  convenient  for  purging. 

Sodium  nitrite,  25%  aqueous  solution.  Prepare  fresh  daily. 

Glacial  acetic  acid,  Grasselli  reagent  grade  or  equivalent. 
alkaline  potassium  permanganate.  Dissolve  25  grams  of  CP  sodium  hyd¬ 
roxide  and  60  grams  of  potassium  permanganate  in  1  liter  of  distilled  water. 


APPARATUS 

Assemble  the  apparatus  as  shown  in  Fig.  11.15.  Make  certain  that  all  stopcocks 
are  carefully  greased  and  all  connections  vapor-tight.  The  stopcock  at  the  base 
of  the  buret  C  should  be  open.  Transfer  sufficient  alkaline  potassium 
permanganate  to  the  autobubbler  pipet  B  to  fill  one  bulb,  and  add  30  ml 
additional.  If  auxiliary  scrubbing  is  required,  transfer  sufficient  liquid  to  the 
auxiliary  autobubbler  pipet  B'  to  fill  one  bulb,  and  add  30  ml  additional.  If  not 
required,  set  stopcock  R'  to  bypass  the  scrubber  completely. 

Set  the  stopcocks  as  follows:  X  and  Y  to  connect  sample  tube  D  with  reaction 

chamber  A;  R  to  connect  pipet  B  with  both  sides  of  the  manifold;  R'  to  close 

pipet  B'  from  the  header;  S  and  T  to  connect  buret  C  with  both  the  vent  and  the 

nitrogen  supply.  When  B  and  B'  are  closed  from  the  system,  stopcocks  R  and  R' 

should  be  positioned  so  that  the  manifold  is  open  from  stopcock  Y  to  stopcock  S 

Raise  the  mercury  bottles  F  and  G  sufficiently  to  just  fill  the  reaction  chamber  A 

and  the  gas  buret  C  with  mercury.  Rinse  the  reaction  chamber  A  with  two  50-ml 

portions  of  distilled  water.  Introduce  the  water  into  sample  tube  D,  and  lower 

mercury  bottle  F  to  draw  the  water  into  the  chamber.  Set  X  to  connect  A  with 

the  sewer  vent  E  and  raise  mercury  bottle  F  to  force  the  water  to  the  sewer  After 

the  rinses,  chamber  A  should  be  full  of  mercury  and  stopcocks  X  and  Y  should 
be  closed. 
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Sample  tube 
(15  by  100  mm.) 


Vent  to 
sewer 


Vigreaux  _ ^ 

indentations 


Vigreaux 

indentations 


To  mercury  leveling 
bottle 


Mercury  pressure 
regulator' 

(20  by  80  mm.) 


TO  N2 
supply 


100-ml.  water-jacketed 
gas  burette 


To  mercury 
leveling  bottle,  G 


Fig.  11.15.  Modified  Van  Sly ke  apparatus. 

Set  stopcock  S  to  connect  buret  C  to  the  manifold  and  carefully  adjust  the 
height  of  mercury  bottle  G  until  the  permanganate  solution  in  B  rises  to  the  inlet 
tube  just  to  the  side  arm  containing  the  check  valve.  Turn  stopcock  R  to  close  B 
from  the  manifold.  If  auxiliary  scrubbing  is  required,  set  stopcock  R'  to  connect 
pipet  B'  with  buret  C  and  carefully  adjust  the  height  of  the  mercury  in  bottle  G 
until  the  liquid  in  B'  rises  in  the  inlet  tube  just  to  the  side  arm  containing  the 
check  valve.  Turn  stopcock  R'  to  close  B'  from  the  manifold. 

Set  S  to  connect  buret  C  with  the  vent-nitrogen  header  and  raise  bottle  G  to 
fill  the  buret  with  mercury.  Turn  on  a  gentle  stream  of  nitrogen,  set  T  to  bypass 
the  vent,  and  slowly  lower  bottle  G  to  draw  100  ml  of  the  nitrogen  into  buret  C. 
Turn  stopcock  S  to  connect  the  buret  with  the  manifold  and  T  to  permit  the 
nitrogen  to  pass  out  the  vent.  Set  Y  to  connect  reaction  chamber  A  with  the 
manifold,  lower  bottle  F  and  raise  bottle  G  to  foree  nitrogen  from  buret  C  mto 

AXurn  X  and  Y  to  connect  A  with  sample  tube  D,  and  ra.se  bo.tle  F  until 
mercury  rises  just  above  X,  forcing  the  nitrogen  out  through  D.  Repeat 
operation  twice  to  purge  the  system  thoroughly,  aft, 

Should  be  closed.  The  right  bore  of  stopcock  Y  should  be  full  of  mercury. 

Draw  100  ml  of  nitrogen  into  buret  C  and  turn  off  the  nitrogen.  Slowly  rais 
Draw  1UU  mi  ui  s  ,n  .  ,  Vent  the  excess  nitrogen  in 

bottle  G  until  the  mercury  in  C  is  at  the  50-ml  mark,  vent  me 

3 


Amino  Groups 


589 


buret  C.  Repeat  this  scrubbing  operation  twice,  and  close  B  from  the i  man.fol I  . 
auxiliary  scrubbing  is  required,  scrub  (he  nitrogen  through  pipet  B  by  proper 
manipulation  of  stopcock  R',  as  directed  for  B  and  R.  Close  B  from  the 
manifold.  Read  the  volume  of  gas  in  buret  C  by  leveling  the  mercury  column 

Scrub  the  gas  twice  again  through  the  permanganate  solution  and  read  the 
volume  of  gas  in  the  buret.  If  this  volume  is  lower  than  that  read  previously,  the 
system  has  a  leak  and  the  apparatus  must  be  reassembled  and  prepared  as 
described  earlier.  Set  stopcock  S  to  connect  buret  C  with  the  vent-nitrogen 
header  and  raise  bottle  G  until  the  mercury  in  C  is  between  the  18-  and  25-ml 
marks,  venting  the  excess  gas  through  stopcock  T.  Immediately  turn  stopcock  S  to 
connect  C  with  the  manifold  and  read  the  initial  volume  of  gas  in  the  buret  by 
leveling  the  mercury  column. 

Van  Slyke  equipment  also  is  available  from  commercial  sources. 


PROCEDURE 

Run  a  blank  on  the  apparatus  and  reagent  as  described  below,  but  omit 
the  addition  of  sample.  After  preparation  of  the  apparatus  as  described 
earlier,  the  stopcocks  should  be  as  follows:  R  and  R'  with  pipet  B  and  B' 
closed  from  the  manifold;  S  with  buret  C  connected  with  the  manifold;  T 
so  that  vent-nitrogen  header  is  vented;  X  and  Y  closed,  with  Y  having  its 
right  bore  (side  toward  the  manifold)  full  of  mercury. 

Into  the  sample  tube  D  introduce  an  aliquot  of  the  sample  sufficient  to 
evolve  not  more  than  75  ml  of  nitrogen.  Turn  X  and  Y  to  connect  sample 
tube  D  with  reaction  chamber  A  and  lower  bottle  F  to  draw  the  sample 
into  A  until  the  level  of  the  sample  is  just  at  the  top  of  stopcock  X.  Close 
the  stopcocks.  Add  10  ml  of  the  sodium  nitrite  solution  into  sample  tube 
D  from  a  graduate.  Turn  X  and  Y  to  connect  D  with  A  and  lower  bottle 
F  to  draw  the  solution  into  the  reaction  chamber  until  the  level  is  just  at 
the  top  of  stopcock  X.  Again  close  the  stopcocks. 

Add,  in  order,  5  ml  of  distilled  water  and  10  ml  of  the  glacial  acetic  acid 
to  sample  tube  D.  Keep  stopcocks  X  and  Y  closed  and  lower  bottle  F  so 
the  mercury  level  is  quite  near  the  bottom  of  the  reaction  chamber. 
precaution.  Perform  the  following  step  slowly  and  carefully  because  the 
ensuing  reaction  may  be  somewhat  violent  if  a  considerable  amount  of 
primary  amine  is  present.  The  sudden  evolution  of  a  large  volume  of 
nitrogen  may  develop  sufficient  pressure  to  force  the  gas  out  through 
stopcock  Y.  Open  stopcock  X  to  connect  sample  tube  D  with  Y  and 
slowly  turn  stopcock  Y  to  connect  X  with  A,  allowing  the  acid  to  be 
drawn  into  the  reaction  chamber  until  the  level  of  the  acid  is  just  at  the 
top  of  stopcock  Y.  Close  Y  immediately. 

Raise  and  lower  bottle  F  to  provide  thorough  mixing  of  the  sample  and 
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reactants,  and  allow  the  reaction  to  proceed  for  30  minutes.  If  necessary, 
allow  gas  to  flow  into  pipet  B  during  the  reaction.  Level  the  mercury 
column  in  buret  C  and  record  the  initial  volume  of  gas  in  the  buret. 
Except  for  slight  changes  due  to  temperature  and  pressure,  this  volume 
should  be  the  same  as  that  read  in  preparation  of  the  apparatus.  Record 
the  barometric  pressure  and  the  temperature  indicated  by  the  thermome¬ 
ter  in  the  water  jacket. 

Open  stopcock  Y  to  connect  reaction  chamber  A  with  the  manifold 
and  slowly  raise  bottle  F  until  the  level  of  the  liquid  in  the  reaction 
chamber  just  reaches  the  bottom  of  Y,  forcing  the  vapor  from  A  into 
buret  C.  With  bottle  G  at  the  top  of  buret  C,  turn  stopcock  R  to  connect 
C  with  pipet  B  and  lower  G  until  the  permanganate  solution  in  B  rises  in 
the  inlet  tube  just  to  the  side  arm  containing  the  check  valve.  Scrub  the 
gas  through  the  permanganate  solution  until  a  constant  volume  is  ob¬ 
tained  in  the  buret. 

If  auxiliary  scrubbing  is  required,  scrub  the  gas  in  buret  C  through 
pipet  B'  by  proper  manipulation  of  stopcock  R'.  Scrub  the  gas  through 
the  permanganate  solution  again  until  the  constant  volume  is  obtained.  If 
it  is  necessary  to  repeat  the  auxiliary  scrubbing,  always  make  a  final  pass 
through  the  permanganate  solution.  Level  the  mercury  column  and 
record  the  final  volume  of  gas  in  C.  Turn  stopcocks  X  and  Y  to  connect 
chamber  A  with  the  sewer  vent,  and  raise  bottle  F  to  force  the  used 
reagents  through  vent  E  to  the  sewer. 


additional  instructions 

i 

Never  make  more  than  three  determinations  without  changing  the 
alkaline  potassium  permanganate  scrubber  solution  The  autobubbler 
pipets  and  any  other  equipment  that  becomes  fouled  by  the  f“n| 
nate  solution  may  be  effectively  cleaned  by  washing  with  a  solution  of  2 /« 
"“Sic  S  to  which  has  been  added  2  to  3%  by  weight  sulfuric  aad 
Ordinarily  the  only  cleaning  of  the  reaction  chamber  necessary  ts  rinsing 
disliLi Vaten  If  sufficient  care  is  not  exercised  in  the  manipulation 
of  the  leveling  bottles,  however,  the  entire  assembly  may  become  foule  , 

norpssitatine  complete  dismantling  for  cleaning. 

A,  "me  keep  a  drop  of  distilled  water  floating  on  the  mercury  n 

the  gas  b  Jet  so  that  the  theoretical  correction  for  the  vapor  pressure  of 

water  is  applicable  mercurv  leveling  bottles  it  is  best  not  to 

In  the  manipulation  of  the  mercury  s  mercury  because 

mlke  loo  sudden  o.  “e“  »  P»  «»!'"»■ 

this  brings  unnecessary  strain  to  bear  on  points  t 
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CALCULATIONS 


Correct  the  net  volume  evolved  by  the  blank  to  standard  conditions. 


Pb-PVy  273 
760  273  +  4 


x(Bf-B,)  =  B 


where  B  =  milliliters  of  gas,  at  standard  conditions,  evolved  by  the  blank 
Bf  =  final  milliliters  of  gas  in  buret 
B,  =  initial  milliliters  of  gas  in  buret 
Pb  =  atmospheric  pressure  (mm  Hg) 

Pv  =  vapor  pressure  of  water  at  th°C  (mm  Hg) 
tb  =  temperature  of  water  jacket  (°C). 

Correct  the  net  volume  evolved  by  the  sample  to  standard  conditions: 


Pg~PWy  273 
760  273  +  ta 


x(Af  A,) 


A 


where  A  =  milliliters  of  gas,  at  standard  conditions,  evolved  by  the 
sample, 

Af  =  final  milliliters  of  gas  in  buret 
Aj  =  initial  milliliters  of  gas  in  buret 
Pa  =  atmospheric  pressure  (mm  Hg) 

Pw  =  vapor  pressure  of  water  at  4°C(mm  Hg* 
ta  =  temperature  of  water  jacket  (°C). 

Calculate  the  primary  amine  as  milliequivalents: 

(A-B) 

22.4 


where  A  milliliters  of  gas,  at  standard  conditions,  evolved  by  the 
sample 

B  =  milliliters  of  gas,  at  standard  conditions,  evolved  by  the  blank 
C  =  primary  amine  (meq.). 

Calculate  the  primary  amine  as  per  cent  by  weight: 

_  CxE.W. 

Grams  of  sample  x  10  ~  pnmary  amine>  Per  cen*  by  weight 


where  C  is  milliequivalents  of  primary  amine  and  E.W.  is  the  equivalent 
weight  of  the  amine. 

Table  27  shows  the  proper  sample  size  and  reaction  conditions  for  each 
of  several  compounds  for  which  this  method  has  been  found  satisfactory. 
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The  sample  size  is  calculated  from  the  amount  of  pure  compound 
theoretically  equivalent  to  not  more  than  75  ml  of  nitrogen  at  standard 
conditions.  Because  of  the  relatively  small  amounts  involved,  the  original 
samples  should  be  diluted  so  that  a  5-  or  10-ml  aliquot  contains  the 
proper  amount  of  sample. 

Table  27  also  lists  the  proper  auxiliary  scrubber  liquid  for  each  com¬ 
pound.  This  liquid,  if  required,  is  placed  in  pipet  B'  and  used  as 
described. 

The  Van  Slyke  procedure  is  applicable  to  the  determination  of  aliphatic 
primary  amines  and  alcoholamines  in  the  presence  of  the  corresponding 
secondary  and  tertiary  amines.  Ammonia  reacts  quantitatively  with  the 
reagent  and,  if  present,  may  be  determined  independently  by  a  suitable 
procedure,  such  as  the  cobaltinitrite  method  (25),  and  a  suitable  correc¬ 
tion  applied.  The  procedure  is  not  applicable  to  the  determination  of 
amino  nitrogen  in  alcoholic  solution  because  the  alcohol  reacts  with 
nitrous  acid  reagent  to  form  alkyl  nitrites,  which  are  difficult  to  remove, 
and  also  depletes  the  excess  nitrous  acid  reagent,  thus  resulting  in 
incomplete  amine  reaction.  This  method  has  not  been  found  suitable  for 
the  determination  of  complex  aliphatic  amines  or  the  higher  simple 
aliphatic  amines. 


Table  27.  Primary  Amines  by  the  Van  Slyke  Method 


Compound 


Auxiliary 
Scrubber  Liquid 


Maximum 

Sample3 


Distilled  water 
Distilled  water 
Tributyl  phosphate 
Dimethoxytetraglycol 
Tributyl  phosphate 


Monomethylamine 
Monoethylamine 
Monoisopropylamine 
Monobutylamine 
Monoisobutylamine 
Monoethanolamine 
Monoisopropanolamine 

Ammonia 

a  Use  an  aqueous  dilution  such  that  a  5  or  10  ml.  aliquot 
contains  the  amount  indicated. 


0.078 

0.12 

0.15 

0.19 

0.19 

0.16 

0.20 

0.044 


The  first  and  most  often  used  application  of  the  Van  Slyke  procedure  is 
the determination  of  amino  nitrogen  in  amino  actds  and  protems  (25,  26). 

£  £  c  <•«  —  "  S'  Fri*  °- 

Frederick  Smith,  Columbus,  Ohio,  1952. 
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SALICYLALDEHYDE  METHODS 

Potentiometric  Method 

See  pages  567-73. 

Indicator  Method — Adapted  from  F.  Critchfield  and  J.  B.  Johnson 

[Reprinted  in  Part  from  Anal.  Chem.,  29,  957-8  (1957)] 

REAGENTS 

Salicylaldehyde,  reagent  grade. 

Dioxane,  commercial  grade,  Carbide  and  Carbon  Chemicals  Company. 
Chloroform,  Mallinckrodt  Chemical  Works  analytical  reagent. 
perchloric  acid,  0.5 N  solution  in  dioxane.  Shake  the  dioxane  used  to 
prepare  this  solution  overnight  with  Amberlite  IRA-100  ion-exchange  resin  (26). 
Prepare  the  solution  by  diluting  70  grams  of  70  to  72%  perchloric  acid  to  1  liter 
with  the  special  dioxane.  Standardize  against  potassium  acid  phthalate. 
Bromocresol  green  indicator,  0.5%  solution  in  methanol. 

Congo  red  indicator,  0.1%  solution  in  methanol. 

PROCEDURE 


Add  the  volume  of  chloroform  specified  in  Table  28  to  a  250-ml 
glass-stoppered  Erlenmeyer  flask,  followed  by  the  specified  volume  of 
salicylaldehyde.  Add  4  to  6  drops  of  the  bromocresol  green  indicator,  and 
neutralize  just  to  the  end  point  with  perchloric  acid  in  dioxane  or 
alcoholic  potassium  hydroxide.  Usually  the  latter  step  can  be  omitted 
because  the  blank  on  the  reagent  is  very  small.  Weigh  into  the  flask  an 
amount  of  sample  calculated  to  contain  no  more  than  12.5  meq.  of 
primary  amine  and  12.5  meq.  of  secondary  plus  tertiary  amine.  If  the 
solution  becomes  turbid  because  of  the  separation  of  the  water  of 
reaction,  add  the  minimum  quantity  of  dioxane  necessary  to  effect  solu- 
non.  Allow  the  sample  to  react  for  15  minutes  at  room  temperature 
before  titrating  it  with  standard  perchloric  acid  in  dioxane  just  to  the 
disappearance  of  the  green  color.  Record  this  titration  and  level  the  buret 
at  zero.  Add  the  volume  of  dioxane  specified  in  Table  98  ,„h  s  ,n 


amount  required  for  the  second  titration  is  a 


amine  content. 


measure  of  the  primary 
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Table  28.  Reaction  Conditions  for  Determination  of  Primary,  Secondary, 

and/or  Tertiary  Amines 


Reagent  and  Solvent  Systems 


Amine  Mixtures 

Chloroform, 

ml. 

Salicylaldehyde, 

ml. 

Dioxane, 

ml.a 

Butylamines 

25 

5 

75 

Ethylamines 

25 

5 

75 

2-Ethylhexylamines 

25 

5 

75 

Isopropylamines 

50 

10 

50 

Hexylamines 

25 

5 

25 

Methylamines 

25 

5 

75 

Propylamines 

25 

5 

75 

“  Add  dioxane  after  titration  to  bromocresol  green  indicator  endpoint 


2,4-Pentanedione  Method — Adapted  from  F.  Critchfield  and  J.  B.  Johnson 

[ Reprinted  in  Part  from  Anal.  Chem.,  29 ,  1174-6  ( 1957)] 

The  enol  form  of  2,4-pentanedione  (acetylacetone)  reacts  with  primary 
amines  in  much  the  same  manner  as  salicylaldehyde: 


N— R 

O  H  OH  H  OH 

CH.— C— C=C— CH3  +  RNH2  -  CH3-C-C=C-CH3  +  H2q 


The  salicylaldehyde-imines  are  stabilized  by  the  resonance  of  the 
benzene  ring,  and  the  pentanedione-imines  are  stabilized  by  tmine- 
ketamine  resonance.  Pentanedione,  in  the  enol  form,  has  structural 
similarity  to  salicylaldehyde: 


H 

C 


HC 


/ 


HC 


\ 


H 

c— c=o 


C— OH 


C 

H 

Salicylaldehyde 


H 


CH. 


C— c=o 


C— OH 


ch3 

Pentanedione 


In  the  structural  formulas  the  portion  of  the  compounds  enclosed 
within  the  dotted  lines  are  identical.  Other  compounds  with  th.s  type 
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structure  should  also  react  readily  with  primary  amines  and  may  be  of 
interest  for  the  determination  of  these  compounds.  Another  compound  ot 
this  class,  ethylacetoacetate,  was  investigated  but  is  not  as  reactive  as 
pentanedione. 

Pentanedione  is  a  weak  acid  and  can  be  titrated  in  pyridine  medium 
with  sodium  methylate  in  pyridine  by  using  either  phenolphthalein  or 
thymolphthalein  indicator.  The  reaction  products  of  pentanedione  and  a 
primary  amine  are  neutral  under  these  conditions.  Therefore,  by  reaction 
of  a  sample  with  a  measured  excess  of  pentanedione  in  pyridine  medium, 
the  primary  amine  content  can  be  determined  by  titrating  the  unreacted 
pentanedione.  Fritz  (27)  has  discussed  the  titration  of  enols  in  other 
media. 


REAGENTS 

Methanol,  anhydrous,  Union  Carbide  Chemicals  Company. 

2.4- pentanedione.  Commercial  grade,  Union  Carbide  Chemicals  Company. 
Distill  under  atmospheric  pressure  and  at  3 : 1  reflux,  using  a  column  having  at 
least  10  theoretical  plates.  Collect  a  heart  fraction  consisting  of  approximately 
one-third  of  the  charge. 

Pyridine,  freshly  redistilled. 

2.4- pentanedione,  approximately  2.5 N.  Dilute  260  ml  of  the  redistilled  pen¬ 
tanedione  to  1  liter  with  the  freshly  distilled  pyridine. 

sodium  methylate,  0.5 N  solution  in  pyridine.  Prepare  3 N  sodium  methy¬ 
late  by  dissolving  163  grams  of  dry  sodium  methylate  in  sufficient  methanol  to 
make  1  liter  of  solution.  Transfer  167  ml  of  the  3 N  sodium  methylate  and  40  ml 
of  methanol  to  a  1-liter  volumetric  flask;  dilute  to  volume  with  redistilled 
pyridine.  Standardize  this  solution  against  Bureau  of  Standards  benzoic  acid, 
using  pyridine  as  solvent  and  thymolphthalein  indicator.  For  the  change  in 
normality  with  temperature,  use  AN  per  °C  = -0.0005.  The  reagent  readily 
absorbs  carbon  dioxide  from  the  air  and  is  best  preserved  in  a  bottle  equipped 

with  a  50-ml  automatic  buret.  All  vents  open  to  the  air  should  be  protected  with 
Ascarite  tubes. 

Thymolphthalein  indicator,  1.0%  solution  in  pyridine. 


PROCEDURE 


Pipet  exactly  10  ml  of  the  2.5N  pentanedione  reagent  into  each  of  two 
250-ml  glass-stoppered  Erlenmeyer  flasks.  For  reactions  at  98  ±2°C  use 
heat-reststant  pressure  bottles.  Reserve  one  of  the  flasks  for  a  blank 

determmatton.  Into  the  other  flask  introduce  an  amount  of  sample  that 
27.  J.  S.  Fritz,  Anal.  Chem.,  29,  674  (1952). 
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contains  10.0  to  15.0  meq.  of  primary  amine.  Allow  both  the  sample  and 
blank  to  stand  for  the  time  and  at  the  temperature  specified  in  Table  29. 
If  elevated  temperatures  are  used,  carefully  cool  the  pressure  bottles  to 
room  temperature  at  the  end  of  the  reaction  time.  To  each  flask  add 
approximately  1  ml  of  the  thymolphthalein  indicator  and  titrate  with  the 
standard  0.5 N  sodium  methylate  in  pyridine  to  the  appearance  of  the  first 
definite  blue  color.  The  difference  between  a  blank  and  sample  titration  is 
a  measure  of  primary  amine. 

DISCUSSION 

reaction  conditions.  Most  primary  aliphatic  amines  react  quantitatively 
in  pyridine  medium  with  an  excess  of  pentanedione  to  form  imines. 
Reaction  conditions  are  listed  in  Table  29  for  a  number  of  compounds 
that  can  be  determined  by  this  method.  The  reaction  of  pentanedione 
with  the  compounds  listed  is  quantitative  over  the  time  intervals  and  at 
the  temperatures  indicated. 

An  80%  excess  of  pentanedione  must  be  maintained  during  the  reac¬ 
tion  to  obtain  quantitative  results.  The  sample  size  specified  in  the 
procedure  ensures  this  excess. 

A  reagent  concentration  of  2.5  N  pentanedione  provides  quantitative 
results  for  most  amines  in  15  to  60  minutes  at  room  temperature.  If 
weaker  concentrations  are  employed  (0.5 N  pentanedione  and  0.1N 
sodium  methylate),  longer  reaction  times  are  required  for  quantitative 

reaction. 

AMINO  ACIDS.  Pentanedione  reacts  readily  with  the  sodium  salt  of  prim¬ 
ary  amino  acids  to  form  the  corresponding  imines.  The  reaction  of 
pentanedione  with  the  acid  form  of  these  compounds  is  very  slow. 
Evidently  the  formation  of  zwitterions  by  these  compounds  inactivates 

the  amino  groups.  ,.  . 

Amino  acids  can  be  determined  by  converting  them  to  the  sodium  salt 

prior  to  reaction  by  addition  of  a  calculated  equivalent  amount  of  sodium 

methylate  in  pyridine.  The  correct  amount  can  be  determined  by  titration 

in  ethylenediamine  medium,  using  benzopurpurm  4B  indicator.  The  co  or 

change  for  the  indicator  in  this  titration  is  from  pink  to  blue  Pyridine 

medium  cannot  be  used  for  the  titration  because  of  solubility  d'fficult,<;s- 

Reaction  conditions  are  shown  in  Table  29  for  three  compounds  of  this 

class. 


RESULTS 


Purity  data  are  listed  in  Table  30  for  23  primary  amines  and  amino 
acids  that  can  be  determined  by  the  pentanedione  method.  Data  for  most 
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Table  29.  Reaclion  Conditions  for  Determination  of  Primary 
Aliphatic  Amines  by  Reaction  with  Pentanedione 


Compound 


Alanine 
/?-  Alanine 

Aminoethylethanolamine 

N-Aminoethylpiperazine 

N-Aminopropylmorpholine 

Ammonia 

Benzylamine 

Butylamine 

Diethylenetriamine 

Ethanolamine 

Ethylamine 

Ethylenediamine 

2-Ethylhexylamine 

Glycine 

Hexylamine 

Isobutylamine 

Isopropanolamine 

(l-amino-2-propanol) 

Isopropylamine 

Methylamine 

Propylamine 

Propylenediamine 

Tetraethylenepentamine 

Triethylenetetramine 


Temperature, 

°C  Time,  min. 


98 

15  to  90a 

98 

15  to  90rt 

25 

30  to  60 

0 

30  to  60 

25 

1 5  to  60 

25 

30  to  120 

25 

15  to  120 

25 

15  to  60 

25 

1 5  to  60 

25 

15  to  60b 

25 

15  to  60 

25 

30  to  90 

25 

15  to  60 

98 

60  to  120“ 

25 

1 5  to  60 

25 

1 5  to  60 

25 

15  to  60 c 

98 

1 5  to  60 

25 

15  to  60 

25 

30  to  60 

25 

60  to  120 

25 

90  to  120 

25 

90  to  120 

a  Dissolve  sample  in  10  ml.  of  water,  add  a  calculated 
equivalent  amount  of  standard  0.5N  sodium  methylate  to 
neutralize  sample,  and  add  75  ml.  of  pyridine  before 
titration. 

b\n  presence  of  over  50%  diethanolamine  sample 
should  contain  10  to  15  meq.  of  primary  amine  and 
reaction  time  should  be  limited  to  20  to  30  minutes. 

In  presence  of  over  50%  diisopropanolamine  sample 
should  contain  10  to  15  meq.  of  primary  amine  and  re¬ 
action  time  should  be  limited  to  40  to  60  minutes. 
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Table  30.  Determination  of  Purity  of  Primary  Aliphatic 
Amines  by  Reaction  with  Pentanedione 


Compound 

Average  Purity,  wt.  % 

Pentanedione 

Method" 

Other 

Alanine 

97.0  ±0.0(4) 

99.7* 

0-  Alanine 

99.8  ±0.0(2) 

99.7* 

Aminoethylethanolamine 

98.2  ±0.2(2) 

99. 0C 

N-Aminoethylpiperazine 

101.4  ±0.1  (2) 

98. 8C 

N-Aminopropylmorpholine 

96.1  ±0.0(3) 

91  .y 

Ammonia,  aqueous 

27.5  ±0.0(2) 

21. 6d 

Benzylamine 

95.5  ±0.1  (4) 

98. 5C 

Butylamine 

97.0  ±0.0(3) 

91. 5e 

Diethylenetriamine 

98.6  ±0.2(3) 

99. \c 

Ethanolamine 

98.5  ±0.0(2) 

99.Sd 

Ethylamine,  aqueous 

67.9  ±0.2(3) 

70.0" 

Ethylenediamine 

99.2  ±0.2(3) 

99.1 c 

2-Ethylhexylamine 

97.1  ±0.1  (4) 

97.2" 

Glycine 

98.3  ±0.1  (2) 

99.3* 

Hexylamine 

99.1  ±0.0(3) 

99.2" 

Isobutylamine 

96.9  ±0.1  (3) 

91. ld 

Isopropanolamine 

97.6  ±0.3(3) 

98.8rf 

Isopropylamine 

99.0  ±0.1  (2) 

98.8" 

Methylamine,  aqueous 

37.4  ±0.1  (3) 

37.5" 

Propylamine,  aqueous 

45.6  ±0.1  (2) 

45.5rf 

Propylenediamine 

98.2  ±0.1  (3) 

98.0° 

Tetraethylenepentamine 

98.4  ±0.2(2) 

95.0" 

Triethylenetetramine 

96.5  ±0.3(2) 

93.2" 

°  Figures  in  parentheses  represent  number  of  deter¬ 
minations. 

b  By  titration  in  ethylenediamine  medium  with 
sodium  methylate  in  pyridine  using  benzopurpurin  4B 
indicator. 

c  By  titration  with  perchloric  acid  in  glacial  acetic  acid 
medium  using  crystal  violet  indicator. 

d  By  titration  with  aqueous  hydrochloric  acid  using 
bromocresol  green-methyl  red  mixed  indicator. 

e  By  indicator  salicylaldehyde  method  (28);  see  pages 
593-4,  this  book. 
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purities  obtained  by  the  indicator  sahcylaldehyde  method  (28)_  The  dat 
fnr  the  amino  acids  are  compared  with  total  acidities.  The  purities  of  the 
primary  amines  tend  to  be  lower  than  the  total  basicities,  probab  y 
because  of  the  presence  of  small  amounts  of  secondary  and  tertiary 

a,1Tablel  3  dTuTfor^ the  determination  of  known  concentrations  of 

primary  amines  in  the  presence  of  secondary  amines.  These  data  show 
that  an  accuracy  within  ±0.1%  can  be  obtained  for  the  determination  of 
primary  amines  in  the  presence  of  secondary  amines  by  this  method. 

Table  31.  Determination  of  Primary  Aliphatic  Amines  in  the  Presence  of  Other  Amines 


Primary  Amine 

Matrix 

Added, 
wt.  % 

Found, 
wt.  % 

Deviation 

Ethanolamine 

Diethanolamine 

69.9 

70.0 

+0.1 

49.6 

49.5 

-0.1 

17.8 

17.7 

-0.1 

7.1 

7.4 

+0.3 

Triethanolamine 

54.4 

54.5 

+0.1 

36.8 

36.8 

0.0 

2-Ethylhexylamine 

Di(2-ethylhexyl)amine 

74.6 

74.5 

-0.1 

14.6 

14.5 

-0.1 

Isopropanolamine 

Diisopropanolamine  1,1'- 

iminodi  (2-propanol) 

13.9 

13.8 

-0.1 

Isopropylamine 

Diisopropylamine 

58.1 

58.0 

-0.1 

Ethylenediamine 

Piperazine 

27.7 

27.8 

+0. 1 

^-Alanine 

Nicotinic  acid 

86.8 

87.4 

+0.6 

30.2 

30.5 

+0.3 

INTERFERENCES 

Most  acids,  and  bases  with  ionization  constants  greater  than  1  x  10-2, 
will  interfere  in  the  method.  Usually  corrections  can  be  made  if  these 
substances  are  present. 

Because  the  method  is  based  on  a  nonaqueous  titration,  large  quan¬ 
tities  of  water  tend  to  interfere  with  the  selection  of  the  equivalence 
point.  Usually  10%  water  can  be  tolerated  in  the  titration  medium 

28.  F.  E.  Critchfield  and  J.  B.  Johnson,  Anal.  Chem.,  29,  957  (1957);  see  pages  593-4  this 
book. 
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without  serious  interference.  Large  quantities  of  other  solvents  such  as 
alcohols,  ketones,  tertiary  amines,  esters,  and  nitriles  can  be  present 
without  affecting  the  end  point. 

Secondary  alcoholamines,  such  as  diethanolamine  and  diisopropanol- 
amine,  tend  to  react  under  the  conditions  of  the  method.  A  similar 
reaction  with  salicylaldehyde  was  discussed  by  Wagner,  Brown,  and 
Peters  (29).  This  secondary  reaction  can  be  minimized  by  adjusting  the 
sample  size  so  that  at  least  10  meq.  of  primary  amine  is  present  for 
reaction.  In  this  way  the  effective  concentration  of  pentanedione  is 
reduced  by  reaction  with  primary  amine,  and  interference  from  secondary 
amines  is  negligible.  Because  of  this  interference,  the  determination  of 
primary  alcoholamines  in  the  presence  of  secondary  alcoholamines  is 
limited  to  samples  containing  more  than  5.0%  of  the  former.  Data  are 
shown  in  Table  31  for  the  determination  of  mixtures  of  these  amines. 

Heterocyclic  secondary  amines,  such  as  piperazine  and  morpholine, 
react  slowly  with  pentanedione.  Usually  this  interference  can  be  inhibited 
by  conducting  the  reaction  at  0°C.  The  procedure  recommended  for 
eliminating  the  interference  of  alcoholamines  can  also  be  applied  to  the 
heterocyclic  amines. 

SCOPE 

The  method  is  applicable  to  the  determination  of  the  purity  of  most  of 
the  aliphatic  primary  amines  investigated.  Aromatic  amines,  such  as 
aniline,  do  not  react  appreciably  under  the  conditions  of  the  method. 
Highly  branched  primary  amines,  such  as  tertiary  butylamine,  do  not 
react  quantitatively  with  pentanedione.  Tertiary  butylamine  can  be  deter¬ 
mined  by  the  salicylaldehyde  method  of  Johnson  and  Funk  (30). 

The  pentanedione  method  is  applicable  to  the  determination  of  the 
following  classes  of  primary  amines  that  cannot  be  determined  by  the 
salicylaldehyde  method  of  Johnson  and  Funk!  ethyleneamines,  alcohol¬ 
amines,  compounds  containing  a  heterocyclic  secondary  amino  nitrogen, 
and  amino  acids. 

In  the  pentanedione  method  ammonia  interferes  quantitatively;  a  cor¬ 
rection  can  be  applied  by  determining  the  ammonia  independently. 


Carbon  Disulfide-Ethylhexaldehyde  System 


See  pages  581-86. 

29  C  D.  Wagner,  R.  H.  Brown,  and  E.  D.  Peters,  J.  Am.  Chem.  Soc.,  69,  2611  (1947). 
30.  J.  B.  Johnson  and  G.  L.  Funk,  Anal.  Chem.,  28,  1977  (1956). 
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Benzaldehyde  Method-Adapted  from  W.  Hawkins,  D.  M.  Smith,  and  J.  Mitch- 
ell,  Jr. 

[Reprinted  in  Par,  from  J.  Am.  Chem.  Sac.,  66,  1662-3  (1944)] 

A  technique  has  been  developed  based  on  the  Schiff  type  reaction: 
RNH,  +  QHjCHO  ->-  RN=CHC6H5  +  H20 

The  water  formed  from  the  rapid  quantitative  reaction  in  the  presence  of 
pyridine  between  the  amine  and  aldehyde  is  titrated  with  Karl  Fischer 
reagent,  after  the  excess  aldehyde  has  been  removed  by  means  of  the 
cyanhydrin  reaction  (31). 

This  procedure  is  applicable  to  aliphatic,  alicyclic,  and  aromatic  prim¬ 
ary  amines,  and  also  amino  alcohols  that  do  not  contain  a  secondary 
amino  nitrogen  group.  Heterocyclic  secondary  amines  interfere. 

EXPERIMENTAL 

analytical  procedure.  Weigh  the  sample,  containing  up  to  0.1  equival¬ 
ent  of  primary  amine,  into  a  100-ml  volumetric  flask  about  one-third 
filled  with  dry  pyridine.  After  dilution  to  the  mark  with  more  pyridine, 
transfer  a  10-ml  portion  to  a  250-ml  glass-stoppered  volumetric  flask. 
Add  3  ml  of  benzaldehyde,*  stopper  the  flask  and,  together  with  a  blank, 
place  it  in  a  60°C  bath.  After  30  minutes  remove  the  flasks  and  allow  to 
cool  spontaneously  to  room  temperature.  Transfer  the  flasks  to  a  well- 
ventilated  hood.  Add  about  0.2  gram  of  dry  sodium  cyanide  and  30  ml  of 
6%  hydrogen  cyanide  in  pyridine.  Shake  the  flasks  vigorously  for  about  1 
minute;t  then  set  aside  in  the  hood  for  45  minutes.  At  the  end  of  this 
time,  titrate  the  mixture  with  Fischer  reagentt  to  the  usual  visual  end 
point.  This  titration  should  be  fairly  rapid.  The  first  sharp  end  point  should 
be  taken,  for  occasionally  some  fading  may  be  observed  after  standing  a 
few  minutes. 

The  water  found  after  correction  for  that  present  in  the  blank  and 
original  sample  is  equivalent  to  the  amount  of  primary  amine  in  the 
sample.  Free  water  is  best  obtained  by  titrating  the  original  sample  in 
acetic  acid  solution. 

v 

*  Either  freshly  distilled  or  acid-free  benzaldehyde  inhibited  with  about  0.1%  hydroquinone 
is  preferred.  Results  with  benzylamine  were  only  95%  quantitative  using  benzaldehyde 
containing  about  10%  benzoic  acid. 

^  This  shaking  is  required  to  initiate  the  cyanhydrin  reaction,  since  the  sodium  cyanide 
catalyst  is  insoluble  in  the  pyridine. 

i  Preferably  in  a  well-ventilated  hood,  since  the  mixture  contains  excess  hydrogen  cyanide. 
31.  W.  M.  D.  Bryant,  J.  Mitchell,  Jr.,  and  D.  M.  Smith,  J.  Am.  Chem.  Soc.,  62,  3504 
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ANALYTICAL  RESULTS 


A  group  of  17  widely  different  primary  and  primary-secondary  amines 
was  analyzed  by  the  method  (Table  32).  With  the  exception  of  p- 
bromoaniline,  which  was  recrystallized  from  chloroform,  the  trade  pro¬ 
ducts  were  used  without  further  purification.  The  precision  and  accuracy 
were  usually  within  ±0.2%. 

Table  32  Analytical  Data  for  Primary  Amines 


Analysis  (Using  Fischer  Reagent)  % 

%  Amine  - 

Substance  (Other  Methods)  Amine  Water  Total 


Propylenediamine* * 

/i-Butylamine 

Diethylenetriamine* 

Hexamethylenediaminec 

Decamethylenediaminec 


Laurylaminec  98.1s7 

Cyclohexylamine  100.2s7 

2-Aminomethylcyclo- 
pentylamine 
o-Aminodicyclohexyh* 

Anilinee  98.8* 

m-Aminophenol 

p-Bromoaniline  99.4* 

p-Phenylenediamine  99.6* 

Benzylamine  92.8s7 

Toluidinec 
o-Aminodiphenyh* 

/3-Naphthylamine7  97.3* 


(2)a 

86.3  ±0.3 

14.1 

100.4 

(6) 

98.2  ±0.2 

1.7 

99.7 

(4) 

96.7  ±0.1 

1.3 

98.0 

(4) 

97.2  ±0.1 

2.7 

99.9 

(2) 

(2) 

97.0  ±  0.5 
98.2  ±0.2 

0.6 

98.8 

(4) 

99.7  ±  0.2 

0.3 

100.0 

(2) 

94.2  ±  0.3 

5.4 

99.0 

(2) 

94.2  ±  0.2 

0.1 

94.3 

(2) 

98.8  ±0.1 

0.1 

98.9 

(2) 

99.5  ±0.1 

0.0 

99.5 

(6) 

94.8  ±  0.3 

0.0 

94.8 

(4) 

99.9  ±  0.0 

0.0 

99.9 

(5) 

92.5  ±0.2 

0.7 

92.9 

(2) 

97.1  ±0.3 

0.0 

97.1 

(2) 

(4) 

92.6  ±  0.2 
97.2  ±0.1 

0.0 

97.2 

a  Figures  in  parentheses  represent  number  of  individual  determinations. 
b  Carbide  and  Carbon  Chemical  Company,  85%. 


c  Du  Pont. 
d  Monsanto. 

e  Arthur  H.  Thomas  Company. 

f  j  j  Baker;  all  others  Eastman  Kodak  Company  Chemicals. 

8  Bv  titration  to  bromphenol  blue. 

*  By  acetylation  according  to  J.  Mitchell,  Jr.,  W.  Hawkins,  and  D.  M.  Smith, 
J.  Am.  Chem.  Soc .,  66,  782  (1944). 

Results  for  p-bromoaniline  were  precise  but  consistently  about  5%  low 
as  compared  with  the  value  obtained  by  the  acetylation  method.  Urea  and 
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methvl  urea  reacted  to  the  extent  of  about  10%  on  the  basis  of  one  mole 
of  water  formed  per  mole.  This  value  would  be  doubled  if  the  disubstitu 

tion  product  were  formed  (32). 

Amino  alcohols  containing  only  primary  amine  groups  react  quantita- 
tively.  This  reaction,  presumably,  might  follow  one  of  two  courses,  either 
normal  .mine  formation  or  condensation  involving  bot  the  amme  and 
hydroxyl  to  form  a  substituted  oxazine-type  compound  (33).  In  this  case 
the  exact  mechanism  of  the  reaction  was  not  established,  since  by  either 
route  one  mole  of  water  is  formed  from  each  mole  of  amino  alcohol 
present  in  the  sample.  Experimental  data  obtained  on  several  amino 
alcohols  are  given  in  Table  33. 

Table  33.  Analytical  Data  for  Primary  Amino  Alcohols 


SlnhQtanrp 


T7  _ _ J  O / 


Monoethanolamine" 

100.1 

± 

0.2 

2-Amino-2-methylpropanol 

91.1 

± 

0.2 

2-Amino-2-methyl-l  ,3-propandiol 

91.6 

2- Amino- 1  -butanol 

88.9 

± 

0.2 

Tris-(hydroxymethylaminomethane) 

96.1 

± 

0.2 

a  Purified  Carbide  and  Carbon  chemical;  all  others 
Commercial  Solvents  materials. 


Aliphatic  and  aromatic  secondary  amines  and  tertiary  amines  do  not 
interfere  to  any  appreciable  extent.  Negative  results  were  obtained  on 
diisobutylamine,  methylaniline,  diphenylamine,  carbazole,  triethano¬ 
lamine  and  triisopropanolamine.  Values  of  1.5  and  2.0%,  respectively,  on 
diethyl  and  di-n-butylamine  may  have  been  due  to  primary  amine 
impurity. 

interfering  substances.  Amino  alcohols  having  a  secondary  amine 
group  usually  react  nearly  quantitatively.  Following  the  conditions  of  the 
general  procedure,  diethanolamine  gave  one  mole  of  water  per  mole  of 
amine;  diisopropanolamine  and  hydroxyethylethylenediamine  gave  0.9 
and  1.8  moles  of  water,  respectively.  A  compound  boiling  at  160°C 
(10  mm)  was  isolated  after  reaction  of  diethanolamine  with  benzaldehyde. 
Elemental  analysis  indicated  the  compound  CnH15N02.  The  molecular 
weight  found  was  180,  as  compared  with  193  calculated.  The  presence  of 
both  tertiary  amino  nitrogen  and  some  free  hydroxyl  suggested  that 
possibly  this  type  of  amino  alcohol  also  condenses  with  benzaldehyde  to 
form  a  heterocyclic  ring  compound. 

32.  Schiff,  Ann.,  291,  368,  370,  371  (1896). 

33.  Kohn  [ Monatsh ..  26,  956  (1905)]  isolated  4,6.6-trin,ethyl-2-phenyltetra- 

hydrometoxazine  after  treating  benzaldehyde  with  2-hydroxy-2-methylpentylamine-4. 
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Heterocyclic  amines  react  with  benzaldehyde  to  form  the  N,N'- 
benzaldimines,  eliminating  one  mole  of  water  for  every  2  moles  of  amine. 
N,N'-Benzaldipiperidine,  melting  at  83°C,  was  isolated  as  the  product 
from  the  reaction  of  piperidine  with  benzaldehyde,  in  the  molar  propor¬ 
tions  used  in  the  analytical  procedure.  The  literature  values  for  the 
melting  point  of  this  material  vary  from  78  to  81°C  (34-36).  Apparently 
both  piperazine  and  morpholine  react  in  the  same  manner,  for  in  both 
cases  the  ratio  of  water  found  to  amine  added  was  1:2. 


Copper-Salicylaldehyde  Method — Adapted  from  F.  Critchfield  and  J.  B.  Johnson 


[ Reprinted  in  Part  from  Anal.  Chem.,  28,  436-40  (1958)] 


The  qualitative  test  of  Duke  (37)  was  investigated  as  a  possible  quan¬ 
titative  procedure.  The  basis  of  this  test  is  the  reaction  of  a  primary  amine 
with  5-nitrosalicylaldehyde.  The  imine  formed  in  this  reaction  reacts  with 
nickel  ion  in  the  presence  of  triethanolamine  to  form  an  insoluble 
compound. 

In  attempting  to  adapt  the  reagent  specified  by  Duke  to  a  quantitative 
basis,  it  was  found  that  nickel-5-nitrosalicylaldehyde  derivatives  of  the 
primary  amines  were  insoluble  in  most  solvents  and  could  not  be  deter¬ 
mined  colorimetrically.  By  substituting  copper  for  nickel  and  salicyl- 
aldehyde  for  the  corresponding  5-nitro  compound,  derivatives  soluble  in 
certain  organic  solvents  were  obtained.  A  reagent  containing  salicylalde- 
hyde,  cupric  acetate,  and  triethanolamine  was  prepared  in  methanol. 
With  this  reagent,  primary  amines  give  a  soluble,  colored  reaction  pro¬ 
duct  that  has  an  absorption  maximum  at  445  nm  and  follows  Beer  s  law. 
Secondary  amines  interfere  with  this  reagent  because  they  also  form  a 
colored  reaction  product.  Because  of  this  interference  an  aqueous  reagent 
was  prepared,  in  which  most  of  the  reaction  products  of  primary  amines 
are  insoluble.  Reaction  products  of  primary  amines  can  be  extracted  into 
isopropyl  ether  or  benzene;  when  this  technique  is  used,  however,  the 
colored  reaction  products  have  no  absorption  maximum  in  the  visible 

portion  of  the  spectrum. 

An  attempt  was  made  to  utilize  the  procedure  in  spite  of  this  imita¬ 
tion  by  measuring  the  absorbance  at  430  nm,  which  is  on  the  shoulder  of 
the  curve.  A  calibration  curve,  which  was  linear  except  near  the  origin, 
was  obtained  by  this  procedure.  The  addition  of  0.01%  ethanolamine  to 


34.  Laun,  Ber.,  17,  678  (1884). 

35.  Ehrenberg,  J.  Prakt.  Chem.  [2]  36,  130  (1887). 

36.  Lachowicz,  Monatsh .,  9,  698  (1888). 

37.  F.  R.  Duke,  Ind.  Eng.  Chem.,  Anal.  Ed.,  1  , 
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the  triethanolamine  used  in  the  reagent  gave  a  calibration  curve  that 
followed  Beer’s  law  over  all  ranges  of  concentration.  However  secondary 
and  tertiary  amines  cause  a  shift  in  the  absorption  curve.  Because  of  this 
effect,  it  was  necessary  to  develop  a  color  that  possesses  an  absorption 
maximum  in  the  visible  portion  of  the  spectrum  independent  of  secondary 
or  tertiary  amines. 

An  aliquot  of  the  benzene  layer  was  removed  and  the  copper  present 
made  to  react  with  diethyldithiocarbamic  acid  (38).  The  absorbance  at 
430  nm  is  a  direct  measure  of  copper  and,  therefore,  an  indirect  measure 
of  primary  amine.  Fair  results  were  obtained  by  this  method  for  the 
determination  of  primary  amines  in  the  presence  of  secondary  and 
tertiary  amines.  However  there  were  three  serious  disadvantages:  (1)  the 
amount  of  monoethanolamine  present  in  the  triethanolamine  used  in  the 
reagent  determined  the  slope  of  the  calibration  curve,  (2)  low  results  were 
obtained  for  the  analysis  of  alcoholamines  in  the  presence  of  the  corres¬ 
ponding  secondary  and  tertiary  amines,  and  (3)  the  presence  of 
monoethanolamine  in  the  reagent  caused  the  reagent  blank  to  have  a  high 
absorbance. 

Because  of  these  disadvantages,  several  organic  solvents  were  investi¬ 
gated  for  the  extraction  of  the  copper  complexes.  The  use  of  1-hexanol 
eliminated  the  necessity  of  adding  monoethanolamine  to  the  reagent.  A 
superior  color  stability  was  also  imparted  by  substituting  bis(2-hydroxy- 
ethyl)dithiocarbamic  acid  for  diethyldithiocarbamic  acid  as  the  reagent  for 
copper  (39). 

effect  of  triethanolamine  concentration.  Triethanolamine  is  used  in 
the  reagent  to  act  as  a  proton  acceptor  to  shift  the  equilibrium  reaction 
between  cupric  chloride  and  the  imine.  A  minimum  of  15.0%  by  volume 
of  the  amine  is  necessary  to  give  quantitative  reaction.  The  minimum 
amount  of  triethanolamine  is  specified  in  the  reagent  to  allow  for  the 
presence  of  secondary  and  tertiary  amines  in  the  sample. 

EFFECT  OF  SALICYLALDEHYDE  CONCENTRATION.  The  Compatibility  of  CUpHC 
ion  and  salicylaldehyde  is  limited  by  the  formation  of  an  insoluble 
complex.  Fortunately,  in  dilute  solutions  and  in  the  presence  of  triethano¬ 
lamine,  this  chelate  formation  is  minimized.  A  maximum  of  0.5%  by 
volume  of  salicylaldehyde  can  be  tolerated  in  the  reagent  without  apprec¬ 
iable  reaction  with  cupric  ion.  This  concentration  has  been  specified  in  the 
reagent. 

effect  OF  copper  concentration.  The  concentration  of  cupric  ion  in  the 
reagent  is  fairly  critical,  as  shown  in  Fig.  11.16.  Curve  1  is  a  plot  of  the 
absorbance  obtained  for  0.372  mg  of  ethanolamine  as  a  function  of  the 

38.  L.  A.  Haddock  and  N.  Evers,  Analyst ,  57,  495  (1932'! 

39.  W.  C.  Woelfel,  Anal.  Chem 20,  722  (1948). 
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Fig.  11.16.  Effect  of  copper  concentration  on  reaction 
of  copper-salicylaldehyde  reagent  with  ethanolamine:  1, 
absorbance  for  0.372  mg  of  ethanolamine;  2,  absor¬ 
bance  of  reagent  blank  versus  methanol. 

concentration  of  cupric  chloride  dihydrate  in  2.0  ml  of  reagent.  The 
concentrations  of  triethanolamine  and  salicylaldehyde  are  fixed  at  15.0 
and  0.5%  by  volume,  respectively.  From  this  curve  it  can  be  seen  that  at 
least  5.0  mg  of  cupric  chloride  dihydrate  is  necessary  to  obtain  maximum 
reaction.  Curve  2  shows  the  effect  of  cupric  ion  on  the  absorbance  of  the 
reagent  blank  compared  to  methanol.  It  is  apparent  that  a  minimum 
concentration  of  cupric  ion  is  desired  to  obtain  a  minimum  absorbance  of 
the  reagent  blank.  For  this  reason  5  mg  of  cupric  chloride  dihydrate  in  a 
2-ml  aliquot  of  the  reagent  is  specified.  This  corresponds  to  a  cupric 
chloride  concentration  of  0.25%  in  the  reagent. 

effect  of  quality  of  tr.ethanolam.ne.  Figure  11.17  shows  cal.brat.on 
curves  obtained  for  ethanolamine  using  a  h.ghly  purified  grade  of 
triethanolamine  (curve  1)  and  commercial  tnethanolamme  (curve  ) 
demonstrating  that  the  quality  of  triethanolam.ne  used  .n  he  re  gem 
determines  the  slope  of  the  calibration  curve.  This  is  not  desirable 
because  a  separate  calibration  curve  would  be  required  for  each  lo 
triethanolamine  used  in  the  reagent.  This  effect  is  no  doubt  caused  by  the 
presence  of  chelating  agents  in  commercial  tr.ethanolamme  w  'C 
rively  decrease  the  cupric  ion  concentration  of  the  reagent  thus  decreas^ 

ino  the  sensitivity  of  the  method  as  shown  by  curve  1  in  g.  •  • 

t  hikb  the  theoretical  calibration  curve  for  a  primary  amine,  a  calibra- 
CS  8  ve  (curve  2  Fig  11  17)  was  obtained  for  copper  acetate,  emp  oy- 

[“SSr-otS  Led  l .»«  procedure.  For  rhe.e  crrr.ee  . 
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Microequivalents 


Fig.  11.17.  Effect  of  triethanolamine  quality  on  slope  of  calibration 
curve  for  ethanolamine. 

plot  of  absorbance  versus  microequivalents  was  made.  Within  the  experi¬ 
mental  error  of  the  determinations,  curves  1  and  2  are  identical.  There¬ 
fore  a  refined  grade  of  triethanolamine  is  necessary  for  the  preparation  of 
the  reagent,  if  a  reproducible  calibration  curve  is  desired.  The  method  of 
preparing  a  suitable  grade  of  triethanolamine  is  described  next. 


REAGENTS 


Cupric  chloride  dihydrate. 

1-Hexanol,  Carbide  and  Carbon  Chemicals  Company. 

Salicylaldehyde,  reagent  grade. 

triethanolamine.  Carbide  and  Carbon  Chemicals  Company.  Distill  98%  ma- 
tenal  under  1-  to  2-mm  pressure,  using  a  column  6  in.  long  and  30  mm  in 
diameter  packed  with  2-mm  glass  beads  and  heated  by  means  of  resistance  wire 
Use  a  3-liter,  round-bottomed  distillation  flask  fitted  with  a  thermometer  well’ 

kettle  te  T  *  flaSk  ^  mea"S  °f  3  maSnetic  stirrer,  and  do  not  allow  the 

±0  02  forPe037T  ‘°  Tedn  185,°C  dUri"8  ^  disti"ation-  An  »*orbance  °f  0-65 
±0.02  for  0.372  mg  of  ethanolamine  should  be  obtained  by  the  procedure 
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described  below,  when  this  material  is  used  to  prepare  the  copper-salicylaldehyde 
reagent. 

copper-salicylaldehyde  reagent.  Into  a  100-ml  glass-stoppered  graduated 
cylinder,  measure  15.0  ml  of  redistilled  triethanolamine,  0.5  ml  of  salicylaldehyde, 
and  0.25  gram  of  cupric  chloride  dihydrate.  Dilute  to  100  ml  with  distilled  water 
and  mix  the  contents.  This  reagent  is  stable  for  at  least  a  month;  however  the 
reagent  blank  increases  with  age. 

bis(2-hydroxyethyl)dithiocarbamic  acid  reagent.  Prepare  a  2%  by  vol¬ 
ume  solution  of  carbon  disulfide  in  methanol  and  a  5%  by  volume  solution  of 
diethanolamine  in  methanol.  Prepare  the  reagent  fresh  daily  by  mixing  equal 
volumes  of  the  two  components. 


CALIBRATION  CURVE 

Prepare  a  dilution  of  the  pure  compound  in  distilled  water  so  that  a 
5 -ml  aliquot  contains  not  more  than  the  maximum  sample  size  given  in 
Table  34.  To  each  of  five  25-ml  glass-stoppered  graduated  cylinders,  add 
2  ml  of  copper-salicylaldehyde  reagent  by  means  of  a  pipet.  Transfer  1.0-, 
2.0-,  3.0-,  and  5.0-ml  aliquots  of  the  dilution  above  to  respective  25-ml 
graduated  cylinders,  reserving  one  as  the  blank.  Measure  the  absorbance 
of  each  standard  at  430  nm,  using  1-cm  cells  and  a  suitable  spec¬ 
trophotometer. 


PROCEDURE 

Add  2.0  ml  of  copper-salicylaldehyde  reagent  from  a  transfer  pipet  to 
each  of  two  25-ml  glass-stoppered  graduated  cylinders.  Reserve  one  ot 
the  cylinders  as  a  blank,  and  into  the  other  measure  an  amount  of  sample 
calculated  to  contain  not  more  than  the  maximum  amount  of  primary 
amine  listed  in  Table  34.  The  sample  must  not  contain  more  than  0.  g 
of  ammonia  or  0.5  gram  of  secondary  and  tertiary  amme.  For  saniples  of 
less  than  0  1  gram,  use  an  aliquot  of  a  suitable  aqueous  dilut  on.  Dilute 
the  contents  of  each  graduate  to  the  10-ml  mark  with  distilled  water, 
stopper,  and  mix  thoroughly.  Allow  the  sample  to  react  under  the 

COnwtr:h:P:fcl:^cbomp3,ete,  add  sufficient  1-hexano.  to  bring  the 
total  volume  of  liquid  to  25  ml.  Stopper  the  cyhndcrs.  shake  v^rously  . 
on  time*;  and  allow  the  layers  to  separate.  Add  5  m 

SSS2?-sii3r: 
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Table  34.  Reaction  Conditions  lor  Determination  of  Primary 
Amines  by  Copper-Salicylaldehyde  Method 


Compound 

Primary 
Amine,  mg., 
Maximum 

Time,  min.a 

Aminoethylethanolamine 

1.10 

30  to  60 

N-Aminoethylmorpholine 

0.85 

1 5  to  60 

Amylamine 

1.20 

15  to  45 

Butylamine 

0.70 

1 5  to  60 

Ethanolamine 

0.50 

15  to  60 

Ethylamine 

0.53 

15  to  60 

2-Ethylhexylamine 

1.40& 

1 5  to  60 

Hexylamine 

1.10 

1 5  to  60 

Isoamylamine 

1.10 

15  to  45 

Isobutanolamine 

0.60 

60  to  120 

Isobutylamine 

0.90 

15  to  60 

Isopropanolamine 

0.60 

1 5  to  60 

Methylamine 

0.30 

1 5  to  60 

Propylamine 

0.73 

15  to  60 

Propylenediamine 

0.42 

10  to  20c 

a  Reaction  time  at  20  to  30  C  unless  otherwise  specified. 
b  Make  dilutions  using  a  10%  solution  of  methanol. 
c  Perform  reaction  at  98  ±  2°C.  Use  50-ml.  glass- 
stoppered  graduated  cylinders;  do  not  stopper  during 
reaction. 

which  react  with  this  reagent.  Pipet  5.0  ml  of  the  hexanol  layer  from  the 
graduated  cylinders  in  which  the  reaction  was  performed  to  the  graduates 
containing  the  dithiocarbamic  acid  reagent.  Add  the  hexanol  dropwise  to 
prevent  the  material  from  clinging  to  the  walls  of  the  pipet.  Dilute  the 
contents  of  each  cylinder  to  the  25-ml  mark  with  methanol,  stopper,  and 
mix  the  contents.  Measure  the  absorbance  of  the  sample  versus  the  blank 
at  430  nm,  using  1-cm  cells.  Read  the  concentration  of  primary  amine 
from  the  calibration  curve. 


DISCUSSION  AND  RESULTS 

A  reaction  rate  study  and  a  calibration  curve  were  obtained  for  each 
primary  amine  investigated.  Table  34  gives  the  recommended  reaction 
conditions  for  primary  amines  to  which  this  method  has  been  applied.  In 
all  cases  the  maximum  sample  size  is  based  on  the  amount  of  pure 
primary  amine  corresponding  to  an  absorbance  of  0.9  under  the  condi¬ 
tions  of  the  method.  Figure  11.18  shows  the  calibration  curves  obtained 
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Fig.  11.18.  Calibration  curve  for  10  primary  amines. 


for  10  primary  amines.  For  this  curve  absorbance  is  plotted  against 
microequivalents  of  primary  amine.  Using  such  a  plot,  all  primary  amines 
should  fall  on  the  same  calibration  curve,  provided  (1)  the  ratio  of  amine 
to  copper  is  constant,  (2)  a  quantitative  extraction  of  the  complex  from 
water  is  obtained,  or  (3)  the  distribution  coefficient  is  the  same  for  each 
compound.  Figure  11.18  shows  that,  within  certain  limits,  one  calibration 
curve  suffices  for  these  10  primary  amines.  Of  all  the  compounds  investi¬ 
gated,  five  primary  amines  did  not  fall  on  this  curve.  Figure  11.19  shows 
the  calibration  curves  obtained  for  these  compounds,  three  of  which  are 
alcoholamines.  The  sensitivity  is  greater  for  these  compounds  than  for  the 
other  amines  investigated.  The  calibration  curves  obtained  for 
ethanolamine  and  isopropanolamine  correspond  to  the  theoretical  curve 
for  a  1 : 1  mole  ratio  of  copper  to  amine,  as  in  Fig.  11.17.  This  is  not  in 
agreement  with  the  findings  of  other  investigators,  who  report  a  2: 1  ratio 
of  amine  to  copper  (40).  Evidently  in  dilute  solution  the  formation  of  the 
1 : 1  complex  is  favored.  In  no  case  was  a  calibration  curve  obtained  tha 

corresponded  to  the  2‘.  1  complex.  T 

A  few  primary  amines  do  not  react  quantitatively  with  this  reagent.  In 

general  compounds  that  react  incompletely  can  be  divided  into  three 
classes'' (1)  aromatic  amines  such  as  aniline;  (2)  compounds  that  contain 
40.  A.  E.  Martell  and  M.  Calvin,  Chemistry  of  the  Metal  Chelate  Compounds.  Prenuce-Hall. 

Englewood  Cliffs,  N.J.,  1953,  p.  273. 
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Fig.  11.19.  Calibration  curves  for  primary  amines  that  deviate  from 
curve  in  Fig.  11.18. 


more  than  one  primary  amine  group — for  example,  ethylenediamine  and 
diethylenetriamine;  and  (3)  primary  amines  that  are  branched  in  the 
2-position,  such  as  tertiary  and  secondary  butylamine  and  iso¬ 
propylamine.  Propylenediamine  and  2-ethylhexylamine  are  exceptions  to 
this  generalization. 

Ammonia  interferes  if  more  than  0.01  mg  is  present  in  the  sample 
aliquot.  This  amount  of  ammonia  corresponds  to  an  absorbance  of  0.03, 
which  is  within  the  experimental  error  of  the  method.  Attempts  to 
determine  ammonia  by  this  method  were  unsuccessful  because  the  reac¬ 
tion  apparently  is  not  quantitative.  The  combined  secondary  and  tertiary 
amine  contents  of  the  sample  aliquot  must  not  exceed  0.5  gram.  Greater 
amounts  of  secondary  or  tertiary  amines  tend  to  solubilize  the  copper 
complex  in  the  aqueous  layer.  Strong  oxidizing  or  reducing  agents  inter- 
fere  by  depleting  the  reagent.  Compounds  that  form  copper  complexes 
soluble  in  1-hexanol  give  high  results;  those  forming  water-soluble  com- 
plexes  give  low  results. 

This  method  has  been  successfully  applied  to  the  analysis  of  several 
amine  mixtures.  To  date  the  method  has  replaced  the  Van  Slyke  method 
(pp.  586-92)  in  many  cases  for  the  control  of  plant  processes  with  a 
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considerable  saving  of  time  and  laboratory  costs.  Tables  35  to  37  present 
data  for  the  analysis  of  several  mixtures  of  primary,  secondary,  and 
tertiary  amines.  Table  35  shows  the  determination  of  several  amine 
mixtures  of  known  primary  amine  content.  In  Tables  36  and  37,  analyses 
of  several  plant  process  samples  are  given.  In  each  case,  the  primary 
amine  content  was  determined  by  the  copper-salicylaldehyde  and  Van 
Slyke  methods.  The  data  in  Table  36  were  obtained  by  an  experienced 
operator;  those  in  Table  37  were  obtained  in  a  routine  control  laboratory. 
For  the  determination  of  primary  amines  in  the  presence  of  secondary 
and  tertiary  amines,  an  accuracy  within  5%  can  be  anticipated  by  this 
method.  In  some  cases  Van  Slyke  and  copper-salicylaldehyde  compara¬ 
tive  results  are  substantially  better  (Table  37),  while  in  others  they  are 
somewhat  poorer.  Because  of  the  limited  sample  size,  primary  amine 
contents  of  less  than  0.01%  in  the  presence  of  secondary  and  tertiary 
amines  cannot  be  determined  by  this  method.  The  method  was  success¬ 
fully  applied  to  the  determination  of  ethanolamine  hydrochloride  without 
prior  neutralization  of  the  sample.  The  absorbance  of  the  hydrochloride  is 
proportionally  the  same  as  the  free  amine. 


DETERMINATION  OF  SECONDARY  AMINES  IN  THE  PRESENCE  OF 
PRIMARY  AND  TERTIARY  AMINES 

Secondary  amines  in  mixtures  with  primary  amines  can  be  determined 
by  determining  the  total  primary  and  secondary  amines  acidimetncaHy 
(***  nn  or  bv  the  esterification  methods  (p.  558).  lhen  the 


or  both  other  types  of  amine.  These  methods  ; 
the  secondary  amine  and  carbon  disulfide  as 


Table  35.  Determination  of  Primary  Amines  in  the  Presence  of  Secondary  and  Tertiary 


Primary  Amine,  wt.  % 


Sample 

Added 

Founda 

Difference 

Isopropanolamine  in  2,5-dimethylpyrazine 

0.12 

0.57 

0.12(2) 
0.57 (2) 

0.00 

0.00 

Ethanolamine  in  diethanolamine 

2.35 

2.16(1) 

-0.19 

0.36 

0.32(2) 

-0.05 

0.12 

0.13(2) 

+0.01 

0.09 

0.13(2) 

+0.07 

2.4 

2.5  (1) 

+0.1 

Ethanolamine  in  triethanolamine 

0.31 

0.31  (1) 

0.00 

0.10 

0.10(1) 

0.00 

0.98 

0.90(1) 

-0.08 

Ethanolamine  in  di-  and  triethanolamine 

47.6 

47.6  (2) 

0.0 

21.3 

21.2  (2) 

+0. 1 

29.2 

28.7  (4) 

-0.5 

Butylamine  in  dibutylamine 

1.07 

1.14(1) 

+0.07 

0.56 

0.53(1) 

-0.03 

0.22 

0.15(1) 

-0.07 

0.49 

0.54(1) 

+0.05 

a  Figures  in  parentheses  represent  number  of  determinations. 


Table  36.  Determination  of  Ethanolamine  in  the 
Presence  of  Di-  and  Triethanolamines 

Ethanolamine,  wt.  % 

Sample - - - 

Number  Copper- 

Van  Slyke  Salicylaldehyde 
Method  Method  Difference 


12.1  +0.6 

13.0  +0.1 

12.5  0.0 

12.2  +0.5 

12.5  -0.6 

H.l  +0.3 

12.1  -1.0 

Average  difference  ±0.5 


2 

3 

4 

5 

6 
7 


11.5 
12.9 

12.5 

11.7 
13.1 

10.8 
13.1 
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Table  37.  Control  Laboratory  Determination  of  Ethanolamine  in 
the  Presence  of  Di-  and  Triethanolamine 


Ethanolamine,  wt.  % 


Sample 

Operator 

Copper- 

Van  Slyke  Salicylaldehyde 

Method  Method  Difference 

1 

1 

42.2 

41.8 

-0.4 

2 

1 

39.1 

41.2 

+2.1 

2 

2 

39.5 

40.1 

+0.6 

3 

1 

38.3 

36.6 

-1.7 

3 

2 

42.2 

42.4 

+0.2 

4 

1 

34.3 

35.4 

+  1.1 

4 

2 

36.4 

37.2 

+0.8 

5 

2 

14.4 

14.5 

+0.1 

Average  difference 

±0.9 

the  reaction  is  performed  in  the  presence  of  copper  or  nickel  in  aqueous 
solution,  formation  of  the  copper  or  nickel  dialkyldithiocarbamate  results. 


R 


R' 


NH  |+CS2  +  M 


2+ 


Vc-s 

S 


M  +  2H+ 


Spectrophotometric  analysis  of  the  copper  complex  and  atomic  absorp¬ 
tion  analysis  of  the  nickel  in  the  nickel  complex  are  the  end  determina- 
tions  for  the  quantitative  procedures. 


Dithiocarbamic  Acid  Colorimetric  Method-Adapted  from  G.  R.  Cmbreit 

[Reprinted  in  Part  from  Anal.  Chem.,  33,  1572-3  (1961)] 

The  reaction  of  primary  and  secondary  amines  with  carbon  disulfide 
has  been  utilized  by  Critchfield  and  Johnson  (41)  (pp.  572  81).  Ihe 
resulting  dith  iocarbamic  acids  are  titrated  with  base.  Tertiary  ammes  do 
not  react  and  primary  amines  are  masked  by  imme  format, on  w,th 
2  ethvlhexaldehyde  to  make  the  method  selective  for  secondary  ammes 
Katcher  and  Voroshilova  (42)  determined  d.methylamme  by  t.tratmn 

41.  F.  E.  Critchfield  and  J.  B.  Johnson  Anal.  Chern  “'3^ (1934)!  Chem.  Abstr.,  28. 

42.  E.  Katcher  and  M.  Voroshilova,  Amlmokras.  Prom.,  4.  39  U 

36897  (1934). 
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the  dithiocarbamate  with  standard  copper  sulfate  solution.  Several  inves¬ 
tigators  (43-45)  have  used  colorimetric  measurement  of  the  copper 
dithiocarbamate  complex  but  have  restricted  their  investigations  to  the 
determination  of  dimethylamine  in  various  systems. 

The  method  described  here  defines  conditions  for  more  general  ap¬ 
plicability  of  the  colorimetric  methods  mentioned  earlier  for  di¬ 
methylamine.  Specific  application  is  made  to  diethylamine  and  N- 
methylaniline.  Application  to  a  number  of  other  secondary  amines  is 
indicated.  Data  on  the  analysis  of  primary-secondary  and  tertiary¬ 
secondary  amine  mixtures  are  presented. 


REAGENTS 

carbon  disulfide-pyridine-isopropyl  alcohol.  Accurately  measure  and 
mix  35  ml  of  carbon  disulfide,  25  ml  of  pyridine,  and  65  ml  of  isopropyl  alcohol. 
When  stored  in  a  glass-stoppered  reagent  bottle,  the  solution  is  usable  for  at  least 
2  months. 

cupric  chloride  solution,  0.0013 M.  Dissolve  0.1  to  0.12  gram  of  aqueous 
cupric  chloride  in  250  ml  of  water  and  dilute  to  500  ml  with  pyridine. 

None  of  the  volume  or  weight  measurements  is  excessively  critical  as  long  as 
standards  are  used  for  comparison  when  any  reagent  solution  is  replaced. 


PROCEDURE 

Transfer  1  ml  of  the  sample  solution  to  a  15  x  150  mm  glass-stoppered 
test  tube  or  other  suitable  reaction  vessel.  Add  4  ml  of  the  carbon 
disulfide-pyridine-isopropyl  alcohol  reagent  and  2  ml  of  the  cupric 
chloride  reagent.  Agitate  the  mixture;  then  allow  it  to  stand  for  5  to  20 
minutes  at  room  temperature.  (Some  of  the  carbon  disulfide  settles  out 
during  this  period.)  Then  add  3.0  ml  of  acetic  acid  (10%  volume  of  glacial 
acetic  acid  in  water)  and  3.0  ml  of  benzene.  Agitate  the  mixture  by 
inversion  several  times,  and  allow  the  phases  to  separate.  From  the  upper 
(organic)  phase,  remove  4.0  ml  and  dilute  to  5  ml  with  isopropyl  alcohol 
After  this  solution  has  been  standing  for  60  to  90  minutes  (diethylamine) 
or  20  minutes  (N-methylaniline),  measure  the  absorbance. 

43.  H.  C.  Dowden.  Biochem.  32,  455-9  (1938). 

44  386^(1954^  F'  Guerrieri'  Chim  ,nd ■  ( Milan) •  35>  896  <1953>;  Ch cm.  Abstr..  48. 
45.  E.  L.  Stanley,  H.  Baum,  and  J.  L.  Gove,  Anal.  Chem.,  23,  1779-82  (1951). 
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RESULTS  AND  DISCUSSION 

I 

Table  38  summarizes  recovery  data  for  diethylamine  and  N- 
methylaniline,  which  were  chosen  as  representative  of  aliphatic-  and 
aromatic-substituted  secondary  amines.  The  responses  in  both  cases  are 
linear  over  the  concentration  ranges  indicated. 

Table  38.  Analysis  of  Secondary  Amines 


Taken,  /<g. 

Found,  // g. 

Recovery,  % 

Diethylamine 

11.3 

11.0 

97.3 

22.7 

22.4 

98.7 

45.4 

45.4 

100.0 

68.0 

67.3 

99.0 

90.7 

90.5 

99.8 

N-Methylaniline 

36.2 

35.3 

97.6 

72.4 

72.2 

99.8 

108.6 

108.6 

100.0 

Av. 

99.1  ±  1.0 

The  application  of  this  method  to  primary-secondary  and  tertiary¬ 
secondary  amine  mixtures  is  summarized  in  Table  39.  Tertiary  amines  do 
not  react  with  carbon  disulfide.  Thus  minute  fractions  of  secondary 
amines  in  tertiary  amines  can  be  analyzed  accurately.  Primary  amines 
constitute  a  positive  interference.  The  primary  amine  dithiocarbamate 
complexes  have  an  absorption  maximum  significantly  removed  from  that 
of  the  secondary  amines  (Table  40).  In  addition,  their  molar  absorptivity 
is  significantly  smaller.  For  these  reasons,  primary  amines  present  in 
approximately  equivalent  molar  quantities  will  result  in  an  error  °fl/o  or 
less  in  the  determination  of  secondary  amines.  Because  the  pn  y 
amine  dithiocarbamate  complexes  are  much  less  soluble  in  both  phases 
however,  they  cannot  normally  be  tolerated  in  amounts  greater  than 
100  ug  per  sample.  Larger  amounts  of  primary  amines  result 
that  interferes  with  the  spectrophotometric  measurements. 

CoIoS  tested  specifte.lly  th.t  do  not  react  unde,  the  specthed 
arp  nvridine  triethylamine,  tributylamine,  N,N- 

highly  conjugated. 


Table  39.  Determination  of  Mixtures 


c6h5nhch3 

Taken,  /<g. 

c6h5nhch3 

Found,  /<g. 

Error,  /*g. 

N-Methylaniline  in  N,N-Dimethylaniline' 

18.2 

19.0 

+0.8 

36.4 

35.4 

-1.0 

N-Methylaniline  +  Aniline6 

18.2 

19.7 

+  1.5 

36.4 

37.0 

+0.6 

54.6 

55.3 

+0.7 

Et2NH 

Et2NH 

Diethylamine  in  Triethylaminec 

11.3 

11.5 

+2.0 

22.7 

22.9 

+0.2 

34.0 

33.7 

-0.3 

Diethylamine  +  Ethylamined 

11.3 

13.3 

+2.0 

22.7 

23.3 

+0.6 

34.0 

35.1 

+  1.1 

a  4.779  mg.  of  C6H5N(CH3)2  taken. 
6  100.3  /fg.  of  C6H5NH2  taken. 
c  3.615  mg.  of  Et3N  taken. 
d  64.8  ^/g.  of  EtNH2  taken. 


Table  40.  Reacting  Compounds 


Compound 

Wave¬ 
length  of 
Absorption 
max.,  m/u 

Time  to 
Reach 
Maximum 
Absorbance, 
min. 

e/a,  x 

Piperidine 

440 

30 

5.37 

Di-A7-butylamine 

440 

30 

7.08 

N-Methylaniline 

445 

20 

5.36 

Diethylamine 

440 

60 

9.67 

Isoleucine 

360 

fl-Butylamine 

350,  4306 

Aniline 

355,  4306 

Neomycin  B 

390 

l  ®ased  on  concentration  in  original  sample  aliquot. 
Secondary  amine  impurity  is  suspected. 
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EFFECTS  OF  VARIABLES 


The  reaction  medium,  prior  to  extraction,  provides  a  sufficient  excess  of 
reactants  to  permit  rapid  formation  of  the  dithiocarbamates  and  subse¬ 
quent  complexation  with  copper.  Some  amines  may  require  additional 
reaction  time.  However  after  extraction  there  is  a  significant  period  of 
time  during  which  the  absorbance  increases.  As  indicated  in  Table  41, 


Table  41.  Response  as  a  Function  of  Time  After  Extraction 


Sample 


Absorbance  at  Time,  /,  after  Extraction,  min. 


10  15  20  25  40  120  180 


N-Methylanilinea  0.335  0.350  0.360  0.352  — 

Diethylamineb  —  —  0.225  —  0.240  0.270  0.269 


a  72.4  jug.  measured  at  445  m/L 
b  22.7  /ug.  measured  at  440  nv*. 


this  time  varies  with  the  amine  in  question.  This  problem  is  believed  the 
result  of  a  reversible  equilibrium  between  1:1  and  1:2  amine-to-copper 
compounds  as  in  eq.  10. 

S  s 

2R;RoN — C — SCuAc  ^  (RiR2 — C — S)2Cu  +  Cu(Ac)2  (10) 


The  1:1  compound  would  appear  to  be  preferred  in  the  aqueous  phase 
where  a  significant  excess  of  copper  is  available,  while  in  the  organic 
phase  the  2:1  compound  is  preferred.  The  time  required  to  attain 
maximum  absorbance  should  be  a  measure  of  the  rate  of  attainment  of 
this  equilibrium  in  the  organic  phase.  The  response  curves  do  not  become 

linear  until  this  maximum  absorbance  is  obtained. 

The  necessity  of  adding  acetic  acid  to  accomplish  the  extraction  sup¬ 
ports  this  hypothesis.  If  water  only  is  substituted  as  a  diluent  in  place  c 
E  .S  £ d  solution  before  extraction.  ,h.  response  cur..  -J 
nonlinear.  anti  color  remains  partially  in  .be  aqueous  pha».  Tb«  «  » 
greater  amounts  of  acetic  acid  results  in  the  formation  of  haze 

0rgVaanriatioynesrin  ionic  strength  of  the  sample  solution  using  both  potassium 

4  ”,  r  isz  r  r,r:r 

b,s  the  r  e  "  base  of  the  amine.  Although  pyridine  is  •  weaker  b  se 

than  mosnof  die  amines  tested  here.  ,h,  large  excess  that  is  present  »  ih« 
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reaction  mixture  is  sufficient  to  drive  the  amine-amine  salt  equilibrium  in 
the  direction  of  the  free  amine  that  is  removed  by  dithiocarbamate 
formation.  A  sample  solution  that  is  strongly  acidic  should  be  neutralized 
with  sodium  hydroxide  or  ammonia  prior  to  analysis.  Amines  that  are 
very  strong  bases  may  require  addition  of  sodium  hydroxide  to  attain  the 
necessary  fraction  of  free  base.  In  some  cases  increased  reaction  time  is 
required.  This  must  be  determined  individually  for  each  amine. 


Atomic  Absorption  Method  of  P.  J.  Oles  and  S.  Siggia 

[ Reprinted  in  Part  from  Anal.  Chem.,  45 ,  2150  (1973)] 

APPARATUS 

Absorbances  were  measured  at  232.0  nm  with  a  Perkin-Elmer  atomic  absorp¬ 
tion  spectrophotometer.  All  filtering  was  done  with  a  medium-frit  (10-15  i± m) 
borosilicate  glass  funnel. 


REAGENTS 

ammoniacal  nickel  reagent  (46).  Dissolve  200  g  of  ammonium  acetate  and 
5.0  g  of  NiCl2-6H20  in  300  ml  of  water  in  a  1-liter  bottle.  Add  100  g  of  sodium 
hydroxide  in  200  ml  of  water  and  200  ml  of  ammonium  hydroxide  (sp.  gr.,  0.90). 
Dilute  to  approximately  1  liter  with  distilled,  deionized  water. 
nickel  di-  n  -butyldithiocarb  am  ate  for  calibration  curve.  Prepare  ac¬ 
cording  to  the  experimental  procedure,  recrystallize  twice  from  acetone  and  dry  in 
vacuo  at  room  temperature  for  48  hours. 


PROCEDURE 


Add  0.50  to  1.0  ml  of  sample  containing  1  to  4  /xM  of  secondary  amine 
to  a  6-in.  test  tube.  Add  1.0  ml  of  the  ammoniacal  nickel  reagent  and 
approximately  0.025  to  0.05  ml  of  carbon  disulfide.  Mix  the  contents  of 
the  test  tube  thoroughly  and  place  in  a  30  to  35°C  water  bath  for  60  to  75 
minutes,  mixing  occasionally.  Transfer  the  contents  of  the  test  tube  to  a 
medium-fritted  glass  funnel  and  apply  suction.  Rinse  the  test  tube  three 
times  with  water,  each  time  allowing  the  rinsings  to  pass  through  the 
filter.  Place  a  clean  125-rnl  suction  flask  below  the  filter  and  add  1  ml  of 
warm  benzene-acetone  (1:1)  to  the  reaction  test  tube  to  ensure  the 

•  .  L.  Stanley,  J.  Baum,  and  J.  L.  Grove,  Anal.  Chem.,  23,  1779  (1951). 
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dissolution  of  any  adhering  precipitate.  Transfer  this  solvent  to  the  funnel 
and  apply  suction.  Then  rinse  the  funnel  with  two  portions  of  warm 
benzene-acetone.  Remove  the  organic  solvents  with  the  aid  of  suction 
and  a  hot  water  bath.  Add  4  ml  of  equal  parts  of  concentrated  nitric  and 
hydrochloric  acids  to  the  flask,  and  allow  digestion  to  take  place  at  100°C 
for  15  to  20  minutes.  Transfer  the  contents  of  the  flask  to  a  10-ml 
volumetric  flask,  dilute  to  volume  with  rinsings  from  the  flask,  and 
analyze  the  resulting  solution  for  nickel  content  by  atomic  absorption 
spectrophotometry. 

For  the  calibration  curve,  remove  the  organic  solvent  from  aliquots  of  a 
prepared  standard  solution  of  the  nickel  di-n-butyldithiocarbamate  in 
acetone,  digest  and  dilute  as  described  previously.  The  standard  solution 
of  nickel  di-n-butyldithiocarbamate  in  acetone  was  found  to  be  stable  for 
at  least  4  months. 

RESULTS  AND  DISCUSSION 

The  results  obtained  for  nine  secondary  amines  appear  in  Table  42. 

Table  42.  Determination  of  Secondary  Amines  as  Their  Nickel  Dialkyldithiocarbamates 


Secondary  Amines 


Taken,  Recovery, 


Relative 
Standard 
Deviation,"  % 


Figures  in  parentheses  indicate  the  number  of  determ.nat.ons 


Figures  in 


The  practical  detection  hmi 
0.30  fxM  of  secondary  amine  per 
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Table  43.  Determination  of  Secondary  Amines  at  the  ppm  level 


Secondary  Amines  _  ,  . 

- - -  Relative 

Taken,  Recovery,  Standard 

Compound  juM  %  Deviation,0  % 


Diethylamine  0.486 

Di-n-butylamine  0.296 


86 

90 


±7.3  (6) 

±12  (6) 


Figures  in  parentheses  indicate  number  of  determinations. 


are  representative  of  the  precision  and  accuracy  obtainable  at  this  level  of 
concentration. 

The  only  aromatic  amines  studied,  N-methylaniline,  failed  to  react 
quantitatively  under  a  wide  range  of  conditions. 

DETERMINATION  OF  TERTIARY  AMINES  IN  THE  PRESENCE  OF 
PRIMARY  AND  SECONDARY  AMINES 

Methods  given  previously  (pp.  567-86)  indicate  procedures  for  deter¬ 
mining  tertiary  amines  in  mixtures  with  either  or  both  primary  and 
secondary  amines.  An  additional  direct  method  exists  which  is  a  modifica¬ 
tion  of  the  foregoing  acetylation  approaches  (pp.  570-3)  for  measuring 
small  quantities  of  tertiary  amines. 

Method  for  Small  Amounts  of  Tertiary  Amines— Adapted  from  J.  Ruch  and  F.  E. 


Critchfield 


[Reprinted  in  Part  from  Anal.  Chem.,  33,  1569-72  (1961)] 

The  basic  technique  for  a  satisfactory  titrimetric  determination  of 
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likely  to  fail  when  the  tertiary  amine  concentration  is  less  than  0.5%. 
Furthermore,  the  procedures  cannot  be  modified  either  by  reducing  the 
titrant  normality  or  by  increasing  the  sample  size  without  losing  definition 
of  the  titration  curve  because  of  a  buffering  action  of  the  amide  reaction 
product. 

Various  solvents  were  evaluated  by  acetylating  5  ml  of  diethylamine  for 
30  minutes  with  20  ml  of  acetic  anhydride  in  100  ml  of  the  solvent. 
Triethylamine  was  determined  by  potentiometric  titration  with  0.01N 
perchloric  acid  in  Methyl  Cellosolve,  and  the  shapes  of  these  titration 
curves  were  compared  (Fig.  11.20). 

Methyl  Cellosolve  is  definitely  superior  to  2-propanol,  methanol,  or 
acetonitrile,  as  shown  by  the  larger  and  sharper  potentiometric  break  in 
that  solvent.  2-Propanol  and  glycols  also  are  inferior  because  they  yield  a 
higher  solvent  blank.  Finally,  in  nonhydroxylic  solvents  (e.g.,  ethyl  ace¬ 
tate,  acetonitrile,  and  chloroform),  the  usefulness  of  the  method  is  some¬ 
what  restricted  because  acetic  anhydride  tends  to  attack  the  indicators 
found  suitable  for  visual  detection  of  the  endpoint. 

Although  Methyl  Cellosolve  is  a  hydroxylic  compound,  this  solvent 
does  not  compete  seriously  with  1°  and  2°  amines  in  the  acetylation 
reaction.  Under  the  conditions  previously  specified,  all  amines  reacted 
quantitatively  within  30  minutes  to  form  the  corresponding  amide.  In 
nonhydroxylic  solvents,  acetylation  is  complete  within  15  minutes;  before 
titration,  however,  the  composition  of  the  medium  must  be  converted  to 
at  least  two-thirds  Methyl  Cellosolve  by  addition.  Unless  time  is  a  critical 
factor  or  the  amine  is  difficult  to  acetylate,  Methyl  Cellosolve  is  generally 
recommended  because  it  is  a  suitable  medium  for  both  the  acetylation 

and  titration. 
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' REAGENTS 

perchloric  ACID,  0.01  N.  Dilute  0.8  ml  of  70%  perchloric  acid  to  1  liter  with 
Methyl  Cellosolve  (Union  Carbide  Chemicals  Co.).  Standardize  by  titration  of 
tris(hydroxymethyl)aminomethane  (primary  standard  grade)  dissolved  in  Methyl 
Cellosolve. 

Thymol  blue  indicator,  0.3%  solution  in  dimethylformamide. 

Congo  red  indicator,  0.1%  solution  in  methanol. 


PROCEDURE 

Transfer  approximately  100  ml  of  Methyl  Cellosolve  into  two  flasks  and 
reserve  one  for  a  blank  determination.  Into  the  other  flask  introduce  from 
5  to  7  grams  of  sample  (for  pure  amines)  containing  not  more  than 
0.5  meq.  of  tertiary  amine.  Add  20  ml  of  acetic  anhydride  (99%)  to  each 
flask,  swirl  gently,  and  allow  the  blank  and  sample  to  stand  for  30  minutes 
at  room  temperature. 

Titrate  the  contents  of  each  flask  with  standard  0.0 IN  perchloric  acid. 
Determine  the  end  point  potentiometrically  or  by  an  indicator  (see  Table 
44).  The  difference  between  blank  and  sample  titrations  is  a  measure  of 
the  tertiary  amine  content. 


RESULTS 


amine  purities.  An  accepted  general  method  for  determining 
amine  purities  is  the  perchloric  acid  procedure,  whereby  the  total  basicity 
in  acetic  acid  medium  is  determined  by  titration  with  a  standard  solution 
of  perchloric  acid  in  acetic  acid.  Each  of  seven  tertiary  amines,  with  basic 
ionization  constants  ranging  from  1  x  1(T4  to  1  x  1(T10,  was  titrated  to  the 
end  point  of  a  suitable  indicator  with  0.1N  solutions  of  perchloric  acid  in 
acetic  acid  and  Methyl  Cellosolve,  respectively.  The  results  of  these 
titrations  are  summarized  in  Table  44. 


Inspection  of  the  total  basicity  data  reveals  a  good  correlation  between 
the  results  for  a  given  amine,  irrespective  of  the  medium.  Methyl  Cel¬ 
losolve  unlike  acetic  acid,  is  not  a  base-leveling  solvent;  however  amines 
of  widely  varying  basic  strengths  can  be  titrated  quantitatively  in  this 
medium.  Indicator  choices  for  visual  detection  of  the  end  points  in  the 

iuendy"  Van°US  ami"eS  Methy‘  Ce,losolve  are  discussed  subse- 
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Table  44.  Comparison  of  Total  Basicity  for  Tertiary  Amines 

Purity,  wt.  % 


Compound 


hcio4- 

HCIO4-  Methyl 
HOAc  Cellosolve 


N,N-Dimethylethanolamine 

99.8 

99.8 

99.8 

99.8 

A-Ethylmorpholine 

99.9 

100.0 

99.7 

100.1 

Triethanolamine 

102.3 

101.8 

101.7 

102.0 

Triethylamine 

99.3 

100.0 

99.5 

99.8 

y-Picoline 

/ 

93.6 

93.6 

93.9 

94.1 

Pyridine 

100.0 

99.7 

100.0 

99.3 

Dimethylaniline 

99.8 

99.4 

99.6 

amine  content  was  titrated  with  0.0 IN  perchloric  acid  to  thymol  blue 
indicator.  The  average  results  are  shown  in  Table  45.  The  values  are 

reproducible  and  are  independent  of  sample  size. 

RECOVERY  DATA  FOR  3°  AMINES  IN  1°  AND  2°  AMINES.  Four  1  and  2  3 
were  selected  from  the  group  previously  shown  to  be  low  in  3  a 
content  To  each  of  these  four  1°  and  2°  amines  was  added  its  3  amine 
counterpart.  The  recovery  data  for  these  small  increments io i  3  amine  are 
shown  in  Table  46.  Quantitative  recoveries  of  added  3  amine  in  the  0. 
to  0.20%  range  demonstrate  the  validity  and  accuracy  of  the  procedure. 


discussion 


„CTimm  A  sample  of  diethylamine  was  acetylated  and 
comparison  of  METHODS-ne  £  ^ePhydrochloric  acid_methanol,  perchloric 

andyacetic  acids  and  perchloric  acid-Methyl  Cellosolve  systems.  Sample- 

titrant-solvent  combinations  provide  conclusive  data 
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Table  45.  Tertiary  Amine  Content  of  Various  Primary  and 

Secondary  Amines 


1 0  or  2°  Amine  Analyzed  3°  Amine  Found,  wt.  % 


Ethylamine 

Triethylamine,  0.20 

Diethylamine 

Triethylamine,  0.15 

Monoethanolamine 

Triethanolamine,  0.04  and  0.03 

Monoisopropanolamine 

Triisopropanolamine,  0.007 

Morpholine 

as  NaOH,  0.004 

Aniline 

as  NaOH,  0.002 

concerning  the  relative  merits  of  these  systems  for  determining  3°  amines 
in  the  presence  of  1°  and  2°  amines. 

No  titration  curves  were  obtained  for  the  perchloric  acid-acetic  acid 
system  because  the  large  amounts  of  amide  formed  by  acetylation  of 
diethylamine  are  sufficiently  basic  to  interfere  in  glacial  acetic  acid,  thus 
precluding  any  titration  of  triethylamine. 


Table  46.  Recovery  Data  for  3°  Amines  in  1°  and  2°  Amines 


1°  or  2°  Amine 
Analyzed 

3°  Amine  Sought 

Per  cent 

Added 

Found 

Recovery 

Diethylamine 

Triethylamine 

0.052 

0.052 

100 

0.082 

0.082 

100 

0.149 

0.151 

101 

Monoethanolamine 

Triethanolamine 

0.204 

0.190 

93 

0.204 

0.200 

99 

0.204 

0.192 

94 

0.204 

0.195 

96 

Morpholine 

N-Ethylmorpholine 

0.010 

0.008 

80 

0.020 

0.018 

90 

0.030 

0.027 

90 

0.040 

0.037 

92 

0.050 

0.047 

93 

Aniline 

N,N-Dimethylaniline 

0.012 

0.011 

95 

0.012 

0.011 

95 

0.024 

0.023 

96 
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The  titration  curves  obtained  by  the  other  two  systems  offer  a  signific¬ 
ant  contrast  (Fig.  11.21).  These  sample-size  studies  reveal  the  effect  of 
amide  concentration  on  the  shape  of  the  titration  curve.  The  hydrochloric 
acid-methanol  titration  curve  becomes  progressively  flatter  with  increas¬ 
ing  sample  size  and  rapidly  loses  its  definition  until  it  fails  beyond  a  5-ml 
sample  size,  In  contrast,  the  perchloric  acid-Methyl  Cellosolve  titration 
system  is  not  seriously  affected  by  the  amide  concentration.  Visual  end 
points  to  thymol  blue  indicator  give  the  same  result  for  sample  sizes  of  5, 
10,  and  15  ml.  These  experiments  demonstrate  the  superiority  of  the 
perchloric  acid-Methyl  Cellosolve  system  over  existing  titrimetric  proce¬ 
dures  for  determining  small  amounts  of  3°  amines  in  1°  and  2°  amines. 
choice  of  indicator.  Earlier,  discussions  of  the  determination  of  tertiary 
amines  by  the  perchloric  acid-Methyl  Cellosolve  method  have  not  treated 
fully  the  means  of  end  point  detection;  however,  the  inflection  points  in 
the  potentiometric  curves  for  the  amines  listed  in  Table  44  are  matched 
by  the  color  transitions  of  certain  indicators.  The  indicator  color  changes, 
in  turn,  can  be  correlated  with  the  basic  strengths  (in  water)  of  these 
amines,  so  that  a  suitable  indicator  can  be  chosen  for  titrating  a  given 
amine  by  knowing  the  approximate  basic  ionization  constant  (Kb)  of  that 

amine. 

Table  47  illustrates  the  dependence  of  indicator  choice  on  the  basic 
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Table  47.  Correlation  of  Indicator  Choice  with  Amine  Strength 

Ionization 

Constant  Suitable 


Tertiary  Amine  in  Water  Indicators 


Triethylamine 

5.7 

X 

10-4 

A 

N,N-Dimethylethanolamine 

1.6 

X 

io-° 

A 

Triethanolamine 

4.5 

X 

10-7 

A 

N-Ethylmorpholine 

3.1 

X 

10-7 

A 

y-Picoline 

1.1 

X 

10-8 

B ,  C 

Pyridine 

1.7 

X 

10-9 

B ,  C 

Dimethylaniline 

~  1 0 

10 

C 

a  A.  Thymol  blue  (alone  or  screened  with  Xylene  Cyanol 
FF).  B.  Methyl  yellow-methylene  blue.  C.  Congo  red. 


ionization  constant  of  the  amine  in  question.  Amines  whose  ionization 
constants  are  less  than  1  x  1CT10  cannot  be  successfully  differentiated  from 
amides  by  this  method. 

The  choice  of  an  indicator  for  titrating  a  given  amine  is  not  solely 
dependent  on  the  basic  strength  of  the  amine.  Other  factors  to  be 
considered  are  the  composition  of  the  medium  (all  Methyl  Cellosolve  or 
mixed  solvent,  acetic  anhydride  present  or  absent);  the  normality  of  the 
titrant  (for  0.1-0.5N  perchloric  acid,  use  thymol  blue  screened  with 
Xylene  Cyanol  FF;  for  0.01N  titrant,  thymol  blue  alone  is  preferred);  the 
concentration  of  both  titrated  and  acetylated  species  (excessively  large 
amounts  of  titrated  and/or  acetylated  amines  tend  to  produce  buffered 
end  points).  In  case  of  doubt,  the  indicator  requirement  for  a  specific 
application  should  be  determined  experimentally. 


LIMITATIONS  AND  INTERFERENCES 

Amines  with  ionization  constants  less  than  lx  lO’10  should  not  inter¬ 
fere  For  example,  the  direct  titration  of  N-phenylpiperazine  in  Methyl 
Cellosolve  gave  a  quantitative  result  based  on  the  secondary  nitrogen 

10-121  a°  *  wlthout  interference  from  the  tertiary  nitrogen  (Kb= lx 
0  ).  Acetylation  of  the  secondary  nitrogen  completely  destroyed  the 

dtrant  The^M  ?  m°leCule  under  ,he  conditions  of  solvent  and 
.  Th®  N-Phe".y'  ftrogen,  a  weak  tertiary  amine,  contributed  no 
basicity  and  again  did  not  interfere. 

Compounds  that  do  interfere  include  stronger  amines  that  do  not 
acetylate,  such  as  the  poly(ethyleneamines)  and  organic  acid  salts  of 
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inorganic  bases.  The  latter  compounds  include  the  alkali  metal  and 
alkaline  earth  salts,  which  interfere  quantitatively. 

ANOMALOUS  BEHAVIORS  OF  PYRIDINE  AND  TRIETHANOLAMINE.  Although 

pyridine  behaves  normally  during  a  titration  in  Methyl  Cellosolve  alone, 
in  the  presence  of  anhydride  a  very  poor  potentiometric  end  point  is 
obtained  by  titrating  with  0.0 IN  perchloric  acid.  However  some  improve¬ 
ment  is  gained  by  using  0.1N  acid.  (This  behavior  is  atypical  because 
some  amines  that  are  weaker  bases  than  pyridine  yield  good  results  with 
0.0 IN  titrant.)  In  addition,  thymol  blue  indicator  is  destroyed  in  this 
pyridine-anhydride  mixture  and  must  be  added  at  the  conclusion  of  the 
acetylation  period  rather  than  at  the  beginning.  Presumably,  acetyl 
pyridinium  acetate  is  formed  by  the  action  of  pyridine  and  acetic  anhyd¬ 
ride.  This  organic  species  reacts  with  the  indicator  and  is  itself  a  weaker 
base  than  the  parent  amine,  pyridine.  Pyridine  can  be  determined  more 
satisfactorily  by  this  procedure  by  titrating  with  0.1N  acid  to  a  poten¬ 
tiometric  end  point;  however  the  increased  titrant  normality  limits  the 
sensitivity. 

Triethanolamine  also  exhibits  a  marked  deviation  from  the  behavior  of 
other  amines  tested.  The  hydroxyl  groups  of  triethanolamine  react  with 
acetic  anhydride  on  standing.  The  extent  of  reaction,  as  well  as  the 
number  of  product  species,  varies  with  the  reaction  time. 

Figure  11.22  shows  this  effect  of  reaction  time  on  the  acetylation  of 
triethanolamine.  Within  a  30-minute  acetylation  time,  a  normal  titration 
curve  is  obtained,  whereas  the  inflection  point  is  completely  obscured  in 


</> 


O 
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Ml.  of  0.01N  perchloric  acid 
in  methyl  "Cellosolve” 


Fig.  11.22.  Acetylation  of  triethanolamine 
in  Methyl  Cellosolve. 
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'  90  minutes.  Evidently,  acetylation  of  the  three  hydroxy  groups  succes¬ 
sively  increases  the  chain  length  of  the  original  triethanolamine  molecule 
with  acetoxy  groups,  whose  electron-withdrawing  tendencies  progres¬ 
sively  diminish  the  basic  character  of  the  nitrogen  atom.  Titration  of  these 
various  basic  moieties  produces  a  result  similar  to  that  obtained 
titrating  an  amine  that  contains  small  amounts  of  other  amines  of  varying 
basic  strengths;  that  is,  the  titration  curve  does  not  yield  a  well-defined 
inflection  point.  Dimethylethanolamine  does  not  behave  in  this  manner 
because  only  one  acetoxy  group  can  be  added  to  the  molecule,  and  this 
effect  is  insufficient  to  overcome  the  contributions  to  basicity  of  the 
electron-releasing  N-methyl  groups.  The  triethanolamine  problem  can  be 
avoided  by  restricting  the  acetylation  time  to  30  minutes. 


DETERMINATION  OF  PRIMARY  AND  SECONDARY  AMINES  ALONE 
AND  IN  MIXTURES  WITH  TERTIARY  AMINES:  THE  ISOTHIOCYAN¬ 
ATE  REACTION 


Procedures  based  on  the  determination  of  amine  consumption  in  the 
amine-isothiocyanate  reaction  have  been  available  for  some  time  for  the 
analysis  of  isothiocyanates  (p.  694).  The  more  recent  development  of  a 
quantitative  iodate  titration  for  the  thiourea  product  of  this  reaction  (50) 
affords,  on  the  other  hand,  a  basis  for  the  determination  of  the  amine 
reactant. 


Method  of  B.  C.  Verma  and  S.  Kumar 

[Reprinted  in  Part  from  Analyst ,  99,  498  (1974)] 

The  method  consists  in  treating  the  amine  with  an  excess  of  phenyl 
isothiocyanate  in  dimethylformamide  and  titrating  the  substituted 
thiourea  formed  with  potassium  iodate  in  a  sulfuric  acid  medium  at  room 
temperature.  Excess  isothiocyanate  does  not  interfere  in  the  titration  of 
thioureas.  Tertiary  amines  can  be  determined  in  the  same  aliquot.  After 
the  primary  and  secondary  amines  have  been  converted  to  the  corres¬ 
ponding  thioureas,  the  unreacted  tertiary  amines  are  titrated  conduc¬ 
tometrically  with  trichloroacetic  acid  and  the  potassium  iodate  titration  of 
the  substituted  thioureas  is  then  made. 

50.  B.  Singh  and  B.  C.  Verma,  Z.  Anal.  Chem.,  194,  112  (1963) 
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APPARATUS 


A  bright  platinum  wire  indicator  electrode  and  a  saturated  calomel  reference 
electrode  were  used  for  the  potentiometric  titrations. 

Acid-base  conductimetric  titrations  were  formed  with  a  Philips  PR9500  con¬ 
ductivity  bridge  that  operated  at  a  frequency  of  50  Hz.  The  cell  electrodes 
consisted  of  two  rigidly  held  square  plates  (approximately  0.8  cm2)  of  platinized 
platinum,  facing  each  other  at  a  distance  of  1  cm. 


REAGENTS 

dimethylformamide,  commercial  grade,  This  solvent  was  allowed  to  stand 
over  sodium  carbonate  for  2  days;  then  it  was  decanted  and  distilled  with  the 
148.5  to  149. 5°C  fraction  collected. 

Potassium  iodate  solution,  0.05 N. 

trichloroacetic  acid,  1.0N.  The  solution  was  standardized  by  conductimetric 
titration  of  anhydrous  sodium  acetate. 


PROCEDURE  FOR  PRIMARY  AND  SECONDARY  AMINES 

Place  an  aliquot  of  the  amine  sample  in  dimethylformamide  in  a 
glass-stoppered  flask  and  add  3  to  5  ml  of  phenyl  isothiocyanate  (an 
approximately  0.3 N  solution  in  dimethylformamide).  Add  solvent  until  a 
10-ml  volume  of  total  solution  is  obtained.  Stopper  the  flask,  swirl  to  mix 
the  reactants,  and  allow  to  stand  for  10  minutes.  Then  add  sufficient 
water  and  sulfuric  acid  to  obtain  100  ml  of  solution  2.0  to  2.5 N  in  sulfuric 
acid.  Cool  to  room  temperature  (25°C)  and  titrate  with  0.05N  potassium 
iodate  solution  to  the  appearance  of  a  distinct  permanent  yellow  color.  If 
preferred  add  0.2  ml  of  a  1%  aqueous  solution  of  amylose,  in  which  case, 
the  solution  becomes  blue  at  the  end  point.  Titrated  potentiometrically,  a 
sharp  potential  change  is  observed  at  the  equivalence  point. 


DETERMINATION  OF  PRIMARY  AND  SECONDARY  AMINES  AND 
TERTIARY  AMINES  IN  THE  PRESENCE  OF  EACH  OTHER 


Place  an  aliquot  of  the  sample  dissolved  in  dimethylformamide  in  a 
glass-stoppered  flask  containing  an  excess  (7-10  ml  of  approximately 
0  3 ;v  solution)  of  phenyl  isothiocyanate  in  dimethylformamide  solution. 
Make  the  volume  to  20  ml  with  the  solvent.  Swirl  to  mix,  and  se,  as.de  for 
To  minutes  Mix  the  solution  with  40  to  45  ml  of  approx.mately  1.0N 
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acetic  acid,  cool  to  room  temperature  (25°C),  and  titrate  conductimetri- 
callv  with  standard  1.0N  trichloroacetic  acid  solution.  To  the  same 
solution,  then  add  sufficient  water  and  sulfuric  acid  to  produce  a  volume 
of  125  ml  that  is  2.0  to  2.5 N  in  sulfuric  acid.  Cool  to  room  temperature 
and  titrate  potentiometrically  with  standard  0.05  N  potassium  iodate 

solution. 

The  volume  of  standard  acid  used  in  the  acidimetnc  titration  corres¬ 
ponds  to  the  tertiary  amine  content;  the  volume  of  potassium  iodate 
solution  gives  the  amount  of  di-  and/or  trisubstituted  thiourea  and, 
consequently,  the  amount  of  primary  and/or  secondary  amine  present  in 
the  sample. 


RESULTS  AND  DISCUSSION 

Results  for  primary  and  secondary  amines  are  recorded  in  Table  48. 

Table  48.  Potassium  Iodate  Determination  of  Primary  and  Secondary  Amines 

Primary  Amines,  Secondary  Amines, 

Amount  Found",  mg  Amount  Found,6  mg 


Visual  Potentiometric  Visual  Potentiometric 
Compound  Method0  Method0  Method0  Method0 


Ethylamine 

n-Propylamine 

Isopropylamine 

n-Butylamine 

Isobutylamine 

Diethylamine 

Pyrrolidine 

Piperidine 


9.94  ±0.072 
10.04  ±0.034 

9.97  ±0.053 
10.01  ±0.056 

9.96  ±0.068 

9.95  ±0.076 

9.97  ±0.063 
10.06  ±0.075 


9.98  ±0.036 
10.03  ±0.028 
10.02  ±0.051 

9.99  ±0.041 
10.02  ±0.038 

9.95  ±0.062 
9.98  ±0.058 
10.05  ±0.046 


39.85  ±0.082 
40.18  ±0.063 
40.28  ±0.061 
39.72  ±0.092 
40.28  ±0.061 
40.10  ±0.075 
40.26  ±0.056 

39.80  ±0.078 


39.88  ±0.056 
40.16  ±0.046 

40.20  ±0.025 

39.81  ±0.057 
40.24  ±0.047 
40.02  ±0.039 

40.21  ±0.026 

39.82  ±0.030 


u  Amount  taken,  10  mg. 
h  Amount  taken,  40  mg. 

‘  Mean  of  six  determinations,  ±standard  deviation. 


The  results  of  the  analysis  of  various  ethylamine-triethylamine  and 

diethylamine-triethylamine  mixtures  appear  in  Tables  49  and  50  resoec- 
tively.  ’  p 

(nhthaT  £S-h  (acetar"ide’  urea-  salicylamide,  and  nicotinamide),  imides 
(phthalimide  and  succinimide),  Schifif  bases  (N-p-chlorobenzy- 

A/-cinnamylideneanisidine),  and 


lideneaniline  and 


i  ' - - aim  tertiary  am 

(tnethylamine,  pyridine,  a-picoline,  quinoline,  and  isoquinoline)  do 


amines 
not 
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Table  49.  Analysis  of  Mixtures  of  Ethylamine  and  Triethylamine 


Ethylamine,  mg  Triethylamine,  mg 


Amount  in 
Mixture 

Amount  Found" 

Amount  in 
Mixture 

-  Katio  ot 

Ethylamine  to 
Amount  Found"  Triethylamine 

20.00 

20.12  ±0.084 

20.00 

20.08  ±0.126 

1:1 

20.00 

20.14  ±0.094 

40.00 

39.90  ±0.132 

1:2 

20.00 

19.90  ±0.097 

60.00 

60.32  ±0.094 

1:3 

20.00 

20.06  ±0.078 

80.00 

79.60  ±0.127 

1:4 

40.00 

39.85  ±0.076 

20.00 

19.92  ±0.088 

2:1 

60.00 

59.72  ±0.082 

20.00 

20.05  ±0.095 

3:1 

80.00 

80.36  ±0.088 

20.00 

20.16  ±0.096 

4:1 

"  Mean  of  six  determinations;  ±standard  deviation. 


cause  any  interference,  even  when  present  in  up  to  a  fivefold 
excess  in  the  determination  of  primary  or  secondary  amines  by  the 
procedure.  Thiourea,  thiosemicarbazide,  thioacetamide,  phenylhydrazine, 
xanthates,  and  organic  isocyanates,  however,  do  interfere. 

The  method  could  not  be  extended  to  the  determination  of  aromatic 
amines  because  of  their  extremely  slow  reactions. 

Amylose  was  not  suitable  in  the  visual  end  point  determination  of 
piperdine  and  pyrrolidine. 


Table  50.  Analysis  of  Mixtures  of  Diethylamine  and  Triethylamine 


Diethylamine,  mg 


Amount  in 

Mixture  Amount  Found" 


Triethylamine,  mg 

_ _ Ratio  of 

Amount  in  Diethylamine  to 

Mixture  Amount  Found"  Triethylamine 


20.00 

19.92  ±0.083 

20.00 

20.10  ±0.081 

20.00 

19.88  ±0.096 

20.00 

19.96  ±0.055 

40.00 

40.22  ±0.087 

60.00 

60.35  ±0.073 

80.00 

79.55  ±0.082 

20.00 

20.10  ±0.124 

40.00 

40.14  ±0.156 

60.00 

59.58  ±0.141 

80.00 

80.56  ±0.104 

20.00 

19.86  ±0.088 

20.00 

19.90  ±0.114 

20.00 

20.08  ±0.096 

a  Mean  of  six  determinations,  istandard  deviation. 


1:1 

1:2 

1:3 

1:4 

2:1 

3:1 

4:1 
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general  mixtures  of  amino  compounds 

We  have  already  seen  methods  to  distinguish  the  different  types  of 
amines  (pp.  567-633).  There  is  an  additional  approach  that  not  only 
distinguishes  primary  from  secondary  amines  but  also  resolves  mixtures  o 
primary  amines  and  mixtures  of  secondary  amines,  including  isomeric  and 
homologous  compounds.  This  method,  which  also  can  resolve  two  amino 
groups  on  the  same  molecule,  involves  the  use  of  the  differences  in  the 
reaction  rates  of  the  different  amino  compounds  with  phenyl  isothiocyan¬ 
ate.  The  approach  and  method  are  described  in  Chapter  25  (pp.  837-40) 
which  deals  with  the  use  of  differential  reaction  rates  to  analyze  mixtures 
of  organic  compounds  containing  the  same  functional  group. 


Determination  of  Small  Quantities  of  Amines 

AZEOTROPIC  DISTILLATION  FOR  CONCENTRATION  AND 
DETERMINATION 


Amines  lend  themselves  well  to  two-phase  azeotropic  distillation  wuh 
certain  very  polar  solvents.  Water,  for  example,  works  very  well  for  the 
steam  distillation  of  amines.  Kjeldahl  distillation  can  be  applied  to  many 
amines  for  separations  and  concentration  from  a  sample.  This  procedure 
permits  taking  extremely  large  samples,  even  several  kilograms,  and 
separation  of  a  few  milligrams  of  amine.  The  amine  distillate,  as  in  the 
regular  Kjeldahl  analysis,  is  caught  in  standard  mineral  acid  and  the 
excess  acid  is  back-titrated;  or  the  amine  can  be  caught  in  boric  acid  and 
then  the  amine  can  be  titrated  directly  with  mineral  acid. 

High-boiling  amines  do  not  steam-distill  too  efficiently;  however 
ethylene  glycol  distillation  is  possible  here.  Dodecylamine,  hex- 
adecylamine,  octadecylamine,  and  N-methyl  octadecylamine  have  been 

successfully  distilled  and  determined  by  using  ethylene  glycol  instead  of 
water. 

The  procedures  used  distillation  and  determination  of  amines  by  distil¬ 
lation  and  titration  of  the  distillate,  as  shown  in  the  section  on  carboxylic 
acid  amides  (p.  183).  In  this  procedure,  Siggia  and  Stahl  reduced  amides 
to  amines.  They  then  azeotropically  distilled  the  amine,  using  water  or 
ethylene  glycol  as  dictated  by  the  sample;  finally,  they  titrated  the 
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PRIMARY  ALIPHATIC  AMINES  ONLY 


The  Van  Slyke  method  (pp.  586-92)  is  very  desirable  for  determining 
small  amounts  of  primary  amines.  Since  the  measurement  is  based  on  the 
measurement  of  gaseous  nitrogen,  very  low  amounts  of  amines  are 
determinable.  The  exact  limit  depends  on  the  amine  and  the  other 
materials  contained  in  the  sample;  based  on  calculations,  however,  1  ml 
of  nitrogen  is  equivalent  to  0.0447  mM  of  nitrogen,  which  is  equivalent  to 
0.0894  mM  of  primary  amino  groups. 


PRIMARY  AROMATIC  AMINES  ONLY 

The  primary  aromatic  amines  are  specifically  and  sensitively  determina¬ 
ble  by  diazotization  of  the  amine  to  the  corresponding  diazonium  com¬ 
pound,  then  coupling  this  diazo  compound  with  a  phenolic  or  other  amino 
compound(s). 

Adapted  from  Method  of  F.  J.  Bandelin  and  C.  R.  Kemp 

[Ind.  Eng.  Chem.,  Anal.  Ed.,  18,  470  (1946)] 

REAGENTS 

Sulfuric  acid,  4 N. 

N-(l-Napthoyl)  ethylene  diamine,  0.1%. 

Sodium  nitrite,  0.1%. 

Ethyl  alcohol,  0.1%. 


PROCEDURE 

Dissolve  or  extract  the  amine  sample  with  5  ml  of  4 N  sulfuric  acid.  To 
the  solution  or  extract,  add  1ml  of  0.1%  sodium  nitrite  and  allow  to 
stand  for  3  minutes.  The  aryl  amine  is  now  as  the  diazonium  salt.  To  this 
solution  add  5  ml  of  95%  ethyl  alcohol  and  allow  the  mixture  to  stand  for 
2  minutes.  Add  to  this  1  ml  of  0.1%  N-(l-naphthoyl)ethylenediamme. 
The  color  generally  develops  rapidly  at  this  stage,  but  often  an  alkaline 
agent  must  be  added  to  bring  about  coupling.  The  subsequent  discussion 
under  Diazonium  Salts  (pp.  685-87)  covers  alkaline  agents  and  their  use 
for  coupling  reactions.  The  color  is  then  measured  by  visual  companso 
with  standards  or  the  comparison  can  be  made  spectrophotometncally. 
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authors’  NOTE.  Phenols  and  naphthols  can  be  used  in  place  of 
N-(l-naphthoyl)ethylenediamine.  This  follows  the  diazotization  step,  and 
the  procedure  is  as  described  under  Diazonium  Salts. 


PRIMARY  ALIPHATIC  AND  AROMATIC  AMINES 

Reaction  with  Orthoquinones 

Orthoquinones  give  colored  compounds  with  primary  amino  com¬ 
pounds  (51).  The  orthoquinone  used  for  analysis  is  sodium  1,2- 
naphthoquinone-4  sulfonate  (52): 


Combined  Method  of  E.  G.  Frame,  J.  A.  Russell,  and  A.  E.  Whilhelmi  and  D.  H. 
Rosenblatt,  P.  Hlinka,  and  J.  Epstein 

[J.  Biol.  Chem.,  1949 ,  255,  (1943)] 

Adapted  from  Pharmaceutical  Analysis,  Edited  by  T.  Higuchi  and  E. 
Brochman-Hanssen,  Wiley -Interscience,  New  York,  1961,  p.  427,  Reprinted  in 
Part. 

PROCEDURE  A 


Treat  a  5-ml  sample  containing  8  to  30  pig  pf  amino  nitrogen  with  1 
drop  of  0.25%  alcoholic  phenolphthalein,  and  add  0.1N  sodium  hydrox¬ 
ide  dropwise  until  a  pink  color  is  attained.  Add  1  ml  of  pH  9.3  borate 
buffer  plus  1  ml  of  freshly  prepared  0.5%  sodium  j3-naphthoquinone-4- 
sulfonate,  mix  the  solution,  and  place  it  in  a  boiling  water  bath  for  10 
minutes,  then  in  an  ice  bath  for  5  minutes.  Add  1  drop  of  4%  sodium 
lauryl  sulfate,  followed  by  1  ml  of  a  mixture  of  3  parts  of  1.5 N  hydro¬ 
chloric  acid,  1  part  of  glacial  acetic  acid,  and  4  parts  of  0.15M  formal¬ 
dehyde.  Stir  the  mixture  and  add  1  ml  of  0.1  N  sodium  thiosulfate.  Then 

51.  O.  Folin  and  H.  Wu,  J.  Biol.  Chem.,  51,  377  (1922). 

52.  M.  E.  Auerbach,  Drug  Standards,  20,  165  (1952). 


636 


Quantitative  Organic  Analysis 


dilute  the  mixture  to  15  ml  with  distilled  water  and  mix,  allow  to  stand  for 
10  to  30  minutes,  and  measure  the  absorbance  at  480  to  490  nm. 

A  technique  for  avoiding  interferences  in  the  older  methods  was  in¬ 
troduced  by  Rosenblatt  et  al.  They  noted  that  dilute  aqueous  solutions  of 
n-butylamine  reacted  with  |3-naphthoquinone-4-sulfonate  in  pH  10.3 
phosphate  buffer  to  give  a  reddish  dye,  extractable  with  chloroform  for 
measurement  at  450  nm.  The  product  with  ethanolamine  was  not  extract- 
able  with  chloroform,  but  did  shake  out  with  isoamylalcohol  for  measure¬ 
ment  at  420  nm.  The  extraction  removed  the  products  from  excess 
reagent  and  decomposition  products,  and  increased  the  sensitivity  of  the 
reaction.  Ammonia  reacted  with  the  reagent,  but  the  dye  formed  was  not 
extractable  by  chloroform.  They  examined  several  solvents  for  various 
amines  and  showed  that  it  was  possible  to  choose  a  solvent  for  a 
particular  amine  to  eliminate  interference  by  other  basic  compounds 
present. 

PROCEDURE  B 

Mix  a  50-ml  portion  of  an  aqueous  amine  solution  (1-4  ppm)  with 
10  ml  of  0.138%  potassium  l,2-naphthoquinone-4-sulfonate  and  1  ml  of 
pH  10.3  phosphate  buffer  in  a  125-ml  glass-stoppered  Erlenmeyer  flask. 
After  a  reaction  period  of  1  minute,  add  10  ml  of  chloroform,  introduce  a 
Teflon-covered  stirring  bar,  stopper  the  flask,  and  vigorously  stir  the 
contents  electromagnetically  for  20  minutes.  After  the  phases  have  sepa¬ 
rated,  pipet  out  the  chloroform  layer  and  measure  the  absorbance  at 
450  nm  against  a  chloroform  blank.  Determine  the  concentration  from  a 
standard  curve  similarly  prepared. 


Reactions  with  Aldehydes 

Certain  amines  condense  with  various  aldehydes  in  strongly  acid  media 
to  give  products  that  are  oxidizable  to  give  a  color.  Among  the  many 
aldehydes  that  have  been  shown  to  react  are  p-dimethyl- 
aminobenzaldehyde,  vanillin,  formaldehyde,  benzaldehyde  salt- 
cylaldehyde,  piperonal,  paraldehyde,  p-acetylaminobenza  dehyde,  m- 
and  p-nitrobenzaldehyde,  m-aminobenzaldehyde,  and  metaldehyde.  T  e 
most  common  oxidant  used  is  atmospheric  oxygen,  but  the  process  has 
been  hastened  by  the  addition  of  hydrogen  perox.de,  nitrites,  nitrates, 
ferric  ion,  and  several  other  metal  ion  catalysts  (53). 

53.  T.  Higuchi  and  J.  Bodin,  Pharmaceutical  Analysis,  T.  Higuchi  and  E.  Brochmann 
Hanssen,  Eds.  Wiley-Interscience,  New  York,  1961,  p.  425. 
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Of  the  foregoing  aldehydes,  best  results  have  been  obtained  with 
p-N-dimethylbenzaldehyde. 

Method  of  C.  Menzie 

[Adapted  from  Anal.  Chem .,  28 ,  1321-2  (1956),  Reprinted  in  Part] 

The  reaction  of  p-N-dimethylaminobenzaldehyde  with  indoles  and  pyr¬ 
roles  has  been  used  qualitatively  and  quantitatively  for  many  years 
(54-58).  The  reaction  with  aromatic  amines  to  give  Schiff  bases  is  equally 
well  documented  (59).  Not  so  well  known,  the  Wasicky  reaction,  utilizing 
94%  aqueous  sulfuric  acid  solution,  gives  a  color  reaction  with  alkaloids 
(60)  and  purines  (61,  63).  In  1944  Werner  (63)  reinvestigated  the 
reaction  with  nitrogen  compounds  and  found  that  in  a  more  dilute 
aqueous  system  “aromatic  compounds  react  in  the  presence  of  mineral 
acid,  provided  the  — NH2  group  is  directly  attached  to  the  benzene 
nucleus. . . .  No  reaction  occurs  with  ( i )  aliphatic  amines  and  amino  acids, 
(ii)  N-substituted  aromatic  amines,  ( iii )  heterocyclic  amino  compounds, 
or  ( iv )  amino  derivatives  of  the  cycloparaffins — e.g.,  cyclohexylamine.” 
More  recently,  Burmistrov  (64)  isolated  as  picrates,  from  toluene  solu¬ 
tions,  the  reaction  products  of  secondary  aromatic  amines  with  Ehrlich’s 
reagent. 

Menzie  has  reinvestigated  this  reaction  and  extended  it  with  some 
modification.  It  has  been  possible  to  obtain  color  formation  with  every 
class  of  nitrogen  compounds  tried. 

PROCEDURE 

To  several  milligrams  of  sample,  add  an  equal  amount  of  Ehrlich’s 
reagent  (p-N-dimethylaminobenzaldehyde).  Add  0.3  ml  of  toluene  and 
then  0.02  ml  of  concentrated  sulfuric  acid.  Allow  to  stand  for  about  1 
minute.  Agitate,  add  1.0  ml  of  ethyl  alcohol,  and  mix  thoroughly. 

54.  F.  Blumenthal,  Biochem.  Z,  19,  521  (1909). 

55.  G.  O.  Burr  and  R.  A.  Gortner,  J.  Am.  Chem.  Soc.,  46,  1224-46  (1924) 

56.  E.  Fischer,  Ber.,  19,  2988  (1886). 

57.  W.  Frieber,  Centr.  Bakteriol ,  Parasitenk.,  87,  254-77  (1922) 

58.  C.  Renz  and  K.  Loew,  Ber.,  36,  4326  (1903). 

59.  Chem.  Rev.,  26,  324-7  (1940). 

60.  R.  Wasicky,  Z.  Anal.  Chem.,  54,  393-5  (1915). 

61.  Raymond-Hamlet,  Bull.  Sci.  Pharmacol.,  33,  447-56  (1926) 

62.  Raymond-Hamet,  Ibid.,  33,  518-25  (1926). 

f-  A  ,E  A'  Werner-  Scl  Prx-  Roy.  Dublin  Soc..  23,  214-21  (1944) 

”4-  a-  I.  Burmistrov,  J.  Gen.  Chem.,  19,  1511-14  (1949). 
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On  addition  of  sulfuric  acid  to  the  toluene  suspensions  of  the  amino 
acids,  a  yellow  color  was  obtained.  Upon  addition  of  ethyl  alcohol  to 
these  solutions,  the  colors  noted  in  Table  51  developed.  There  were  five 

Table  51.  Color  Reaction  of  Amino  Acids  and  Related  Compounds 


a-Alanine 

Pinkish  purple 

Histidine 

Orange 

^-Alanine 

Pale  orange 

Hydroxyproline 

Orange 

a-Aminobutyric  acid 

Pale  orange 

Isoleucine 

Pale  orange 

Arginine 

Orange 

Leucine 

Almost  colorless 

Aspartic  acid 

Orange 

Lysine 

Pale  purple 

Citrulline 

Pale  orange 

Methionine 

Reddish 

Creatine 

Pale  purple 

Methionine  sulf¬ 
oxide 

Orangish  yellow 

Creatinine 

Pale  orange 

Norleucine 

Almost  colorless 

Cysteine 

Intense  red 

Norvaline 

Pale  orange 

Cystine 

Pale  yellow 

Ornithine 

Pale  orange 

Dihydroxyphenyl¬ 

alanine 

Pale  purple 

Phenylalanine 

Pale  orange 

Diiodotyrosine 

Pale  purple 

/3-Phenylserine 

Pale  purple 

Djenkolic  acid 

Intense  red 

Proline 

Bright  orange 

Ethionine 

Almost  colorless 

Sarcosine 

Pale  purple 

Glutamic  acid 

Pale  orange 

Serine 

Pale  orange 

Glutamine 

Pale  orange 

Taurine 

Pale  orange 

Glutathione 

Bright  orange 

Threonine 

Orange 

Glycine 

Orange-yellow 

Allothreonine 

Pale  purple 

Homocysteine 

Intense  red 

Tyrosine 

Pale  orange 

Homocystine 

Orange 

Tryptophan 

Orange  solution 
and  blue  pre¬ 
cipitate 

Homoserine 

Reddish 

Valine 

Pale  orange 

exceptions  to  this:  the  color  shown  in  Table  51  for  cysteine,  homocys¬ 
teine,  dihydroxyphenylalanine,  djenkolic  acid,  and  tryptophan  was  de¬ 
veloped  in  toluene.  Addition  of  ethyl  alcohol  effected  no  change^ 

Tables  52  and  53  indicate  the  color  reactions  for  both  steps  of  the  test, 
acid  toluene  solution  and  acid-toulene  plus  ethyl  alcohol. 

When  toluene  is  omitted,  no  color  development  occurs  with  the 
acids  (except  tryptophan)  nor  with  such  compounds  as  octadecylamine 
the  benzo-(/) -quinolines,  purines,  pyrimidines,  or  quinine.  F'elg  *  a" 
Iter  van  Urk  (66),  found  that  when  p-N-dimethylaminobenzaldehyde 
reacted  with  various  nonnitrogen  compounds  and  heterocychcs,  co 

65  C.  Fleig.  Bull.  Soc.  Chim.  Fr.  (4)  3,  1038-45  (1908). 

66.  H.  W.  van  Urk,  Pharm.  Weekbl.,  66,  101-8  (1929). 
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Table  52.  Color  Reaction  of  Nitrogen  Heterocyclics 


Acid-Toluene  and 

Acid-Toluene  Only  Ethyl  Alcohol 


Piperidine 

Pyridine 

Reddish 

Light  purple 

Orange-yellow 

Colorless 

Pyridoxine 

Yellow 

Pale  purple 

Quinidine  .  HC1 

Yellow 

Light  purple 

Quinine 

Amber 

Reddish 

Quinoline 

Yellow 

Yellow 

Benzo(/)quinoline 

Red 

Pale  purple  and  pre- 

cipitate 

3-Methylbenzo- 

Yellow 

Pale  purple  and  pre- 

(/■jquinoline 

cipitate 

Caffeine 

Yellow 

Red-orange 

Adenine 

Blue  to  lavender  upon  standing 

Red-purple  ring 

Adenylic  acid 

Blue  to  brownish  upon  standing 

Trace  or  no  color 

Guanine 

Light  purple 

Ring 

Guanylic  acid 

Reddish 

Trace  of  ring 

Guanosine 

Reddish 

No  ring 

Cytosine 

Blue-purple 

No  ring 

Cytidine 

Dark  lavender  purple 

Reddish  ring 

Cytidylic  acid 

Pale  lavender  purple 

Trace  or  no  ring 

Uridine 

Light  lavender 

Trace  of  ring 

Xanthine 

Purple  color,  dissipated  by  agitation 

No  ring 

Table  53.  Miscellaneous  Nitrogen  Compounds 

Acid-Toluene  Acid-Toluene  Plus  Ethyl  Alcohol 

Ethanolamine 

Octadecylamine 

Urea 

Biuret 

Methylurea 

Phenylurea 

Hippuric  acid 

Diphenylamine 

Benzylamine 


Yellow 

Dark  amber 

Yellow 

Yellow 

Yellow 

Orange 

Yellow 

Brownish 

Yellowish 


Yellow 

Purple 

Orange-yellow 
Pale  orange 
Orange-yellow 
Orange-yellow 
Pale  purple 
Yellow-green 

Reddish  purple,  dissipated  by  agitation 


Twenty-one  primary  aromatic  amines,  three  containing  naphthalene  rint? 
ystems,  were  also  tested  and  all  gave  positive  color  reactions.  S 
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developed.  In  both  cases,  however,  it  was  necessary  to  heat  the  reaction 
mixtures  for  varying  periods  of  time  or  even  evaporate  and  then  redis¬ 
solve  in  water. 

When  the  modification  indicated  is  employed,  Ehrlich’s  reagent  will 
react  at  room  temperature  with  every  class  of  nitrogen  compounds  tried. 
Although  this  behavior  precludes  its  use  in  identification  of  a  class  of 
compounds,  under  the  modified  conditions  used,  differentiation  within  a 
class  of  compounds  is  possible.  In  one  case,  color  differentiation  between 
the  stereoisomers  quinine  and  quinidine  has  been  shown  (Table  52). 


SPECTROFLUOROMETRIC  DETERMINATION  OF  PRIMARY  AMINES 


Ninhydrin  (1,2,3-indantrione  hydrate)  and  a-amino  acids  react  to  form 
aldehyde,  carbon  dioxide,  ammonia,  and  a  purple  product. 

O 


nh2 

(OH)2  +  RCHCOOH 


o 


OH  +  NH 


Measurement  of  the  carbon  dioxide  produced  provides  the  basis  for  a 
quantitative  method  for  amino  acids  (67,  68).  The  production  and  meas¬ 
urement  of  the  colored  product  has  been  used  for  many  years  for  the 
detection  and  determination  of  amino  acids,  amines  and  peptides  (69). 
The  ninhydrin  color  reaction  has  been  widely  adapted  for  automatic 

analysis  of  the  amino  acid  composition  of  proteins. 

Sensitivities  10  to  100  times  higher  were  obtained  when  it  was  found 
that  ninhydrin  can  yield  highly  fluorescent  products  with  amine- 
containing  compounds  (70,  71).  In  the  assay  of  phenylalanine,  the 
ohenvlacetaldehyde  formed  on  interaction  with  ninhydrin  combined  wit 
additional  ninhydrin  and  primary  amine  to  yield  the  highly  fl“oresc®" 
ternary  product.  The  structure  of  this  product  was  subsequently  e  u 
dated  \l\),  and  a  novel  reagent  was  then  synthesized  based  on  this  stu  y 

67.  D.  D.  Van  Slyke,  R.  T.  Dillion,  D.  A.  MacFadyer,  and  P.  Hamilton,  J.  Biol.  Chem., 

68.  D.  D.  Van  Slyke,  D.  A.  MacFadyer,  and  P.  Hamilton,  Ibid..  141,  671  (1941). 

69  R.  West,  J.  Chem.  Educ.,  42,  386  (1965).  A7  no7i) 

70  K  Samejima,  W.  Dairman,  and  S.  Udenfriend,  Anal.  Biochem.  42  222  0971). 

72*  M  S"  “"l/p Srg'i,aRd  C.  Czaijkowski,  aid' W.  Leim^er,  7.  Am. 
Chem.  Soc..  94,  4052  (1972). 
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m)  This  reagent,  4-phenylspiro[furan-2(3H),  l'-phthalan]-3,3  -d.one, 
2ven  trivia!  name  fluorescamine,  acts  directly  with  primary  amines  to 
form  the  same  fluorophors  (390-nm  excitation,  475-nm  emission)  as  are 
generated  by  the  ninhydrin-phenylacetaldehyde  reaction  (74). 


Fluorescamine 


R 


Ninhydrin  Phenylacetaldehyde 


Efficient  fluorogenic  reactions  have  been  observed  with  a  large  variety 
of  aliphatic  and  aromatic  primary  amines,  including  amino  acids, 
catecholamines,  sulfonamides,  and  antibiotics. 

The  following  procedure,  developed  specifically  for  the  determination 
of  drugs  containing  primary  aromatic  or  aliphatic  amino  groups,  can  be 
used  as  a  model  for  the  analysis  of  primary  amines  in  general. 


Method  of  J.  A.  F.  deSilva  and  N.  Strojny 

[ Reprinted  in  Part  from  Anal.  Chem.,  47,  714  {1975)] 
APPARATUS 


Fluorescence  measurements  were  made  with  a  Farrand  Mark  I 
Spectrofluorometer  equipped  with  a  150-watt  Hanovia  xenon  arc  energy  source 

73.  M-  We.gele,  S.  L.  DeBernardo,  J.  P.  Tengi,  and  W.  Leimgruber,  Ibid.,  94,  5927  (1972) 

BOhlen-  W  Dairman-  W  -0  M.  Weigele, 
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and  an  RCA  I-P-28  photomultiplier.  The  instrument  sensitivity  was  adjusted  each 
day  to  a  constant  energy  using  a  Pyrex  rod  as  a  reference  standard. 


REAGENTS  AND  SOLUTIONS 

fluorescamine.  Dissolve  100  mg  of  fluorescamine  in  100  ml  of  anhydrous 
reagent  grade  acetone  and  “age”  prior  to  use  by  allowing  to  stand  at  room 
temperature  for  24  hours. 

Molar  solutions  of  phosphoric  acid,  monobasic  potassium  phosphate,  and 
dibasic  potassium  phosphate  were  prepared  in  the  pH  ranges  desired,  using  a  pH 
meter. 


PROCEDURE 

Dissolve  the  sample  in  either  methanol  or  water.  Transfer  an  aliquot 
(0.1  ml)  equivalent  to  10/etg  of  compound  to  a  15-ml  tube.  Add  15  ml  of 
buffer  and  mix  the  contents.  Add  0.1ml  of  the  fluorescamine  solution 
(100  gg  of  fluorescamine)  and  mix  the  contents  again.  Allow  to  stand  for 
15  minutes,  and  scan  the  solution  on  the  spectrofluorometer.  Dilute  as 
necessary  to  obtain  readings  on-scale. 


RESULTS  AND  DISCUSSION 

Fluorescamine  and  its  hydrolysis  products  are  nonfluorescent;  therefore 
they  do  not  interfere  with  the  quantitation  of  the  derivative  formed.  The 
data  in  Table  54  indicate  its  applicability  to  both  primary  aromatic  amines 
and  aliphatic  primary  amines  of  widely  differing  chemical  structures 
The  main  fluorophor  formed  is  an  acidic  compound.  Extraction  of  the 
fluorophor  and  its  determination  in  an  organic  solvent  was  investigated.  It 
was  noted  that  in  general,  irrespective  of  the  pH  of  optimal  reactivity  or 
the  respective  compounds  (Table  54),  the  fluorophor  was  quantitatively 
extractable  (>80%)  at  pH  5.0  to  5.5  into  ethyl  acetate,  and  its  fluores- 

cence  was  also  measured  optimally  in  this  solvent. 

The  Quantitation  sensitivity  of  some  of  the  compounds  can  be  improved 
this  procedure  (Table  55).  In  each  care.  .»< » 
carried  ou?  at  the  pH  of  optimal  re.cP.it,  »  g™"  ■»  T.M«  54  »« 
„„eous  medium  was  Jen  Pirated  topH  1 »  wj®  ^  ^  ^ 

;:"£urc.'“lured  /,  the  respective  excitation-emission  maxim. 

(Table  54). 


Table  54.  Luminescence  Properties  of  1  pM  Solutions  of  Huorescamine  Derivatives  of 

Aliphatic  and  Aromatic  Primary  Amines 

Upper 


Compound 

Optimal 

Reaction, 

pH 

Excitation- 

Emission 

Maxima, 

nm 

Sensitivity 

Limit, 

ng/ml 

Limit 
of  Linear 
Range, 
fig/ml 

Fluorescence 

Intensity, 

arbitrary 

units 

Amphetamine  sulfate 

9. 3-9.4 

395/490 

1000 

30 

20 

Phenylpropanol  amine 

9. 3-9.4 

395/490 

1000 

30 

20 

p-Aminobenzoic  acid 

3. 0-4. 5 

405/500 

3 

3 

500 

Procaine  hydrochloride 

3. 0-4. 5 

405/495 

3 

3 

1100 

p-Aminosalicylic  acid 

2. 0-3.0 

405/495 

200 

10 

100 

Sulfanilamide 

3. 0-4. 5 

400/495 

10 

1 

1000 

Sulfadoxidine 

3. 0-4. 5 

400/495 

10 

1 

1000 

Sulfamethoxazole 

3. 0-4. 5 

400/495 

10 

1 

900 

Isosulfisoxazole 

3. 0-4. 5 

400/495 

10 

1 

600 

Sulfisoxazole 

3. 0-4. 5 

400/495 

10 

1 

500 

Sulfadiazine 

3. 0-4. 5 

400/495 

1 

500 

7-Aminoclonazepam 

7-Amino-3-hydroxy- 

5. 5-9. 3 

412/505 

100 

20 

100 

clonazepam 

5. 5-9. 3 

412/505 

100 

20 

100 

Table  55.  Luminescence  Properties  of  1  ju. M  Solutions  of  Fluorescamine  Derivatives 

Following  Extraction  at  pH  5.0  into  Ethyl  Acetate 

Fluorescence 


Compound 

Excitation-Emission 
Maxima  in  Ethyl 
Acetate,  nm 

Sensitivity 

Limit, 

ng/ml 

Intensity, 

arbitrary 

units 

Amphetamine  sulfate 

395/475 

300 

200 

Phenylpropanol  amine 

395/475 

300 

300 

p-Aminobenzoic  acid 

410/485 

1 

1450 

Procaine  hydrochloride 

405/485 

3 

630 

p-Aminosalicylic  acid 

405/490 

30 

500 

Sulfanilamide 

410/495 

3 

1320 

Sulfadoxidine 

405/485 

3 

1620 

Sulfamethoxazole 

405/485 

3 

1350 

Isosulfisoxazole 

405/485 

3 

1440 

Sulfisoxazole 

405/485 

3 

1430 

Sulfadiazine 

405/485 

3 

1630 

7-Aminoclonazepam 

7-Amino-3-hydroxy- 

405/500 

30 

350 

clonazepam 

405/500 

30 

330 

L-DOPAa 

390/470 

1000 

60 

Dopamine" 

l-Adamantanamine" 

395/475 

1000 

vJU 

80 

(amantadine) 

395/475 

1000 

60 

"  These  compounds  were 

only  measurable  after 

extraction  into  ethyl  acetate. 
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Halogenating  agents  cause  secondary  amino  acids  to  undergo  oxidative 
decarboxylation  to  produce  imines,  which  are  then  hydrolyzed  to  primary 
amines.  This  technique  therefore  makes  it  possible  to  determine  secon¬ 
dary  amino  acids  by  the  fluorescamine  method  also  (75).  N- 
Chlorosuccinimide  was  used  as  the  halogenating  agent  for  proline:  1-ml 
aliquots  of  4x  10“6  to  4x  10  5M  solutions  of  proline,  or  hydroxyproline, 
respectively,  at  pH  2  with  1ml  of  4xl0-4M  aqueous  N- 
chlorosuccinimide,  1ml  of  2%  sodium  bicarbonate,  and  1ml  of  2x 
10  3M  fluorescamine  in  acetone.  Fluorescence  was  measured  2  minutes 
after  addition  of  the  last  reagent.  Optimal  fluorescence  from  sarcosine 
was  generated  by  the  use  of  bromine  water  (2xlO_3M)  in  place  of 
N-chlorosuccinimide. 


ALIPHATIC  AND  AROMATIC  PRIMARY,  SECONDARY,  AND 
TERTIARY  AMINES 

Method  of  J.  P.  Rawat  and  J.  P.  Singh 


[Reprinted  in  Part  from  Anal.  Chem.,  47,  738  ( 1975 )] 

Small  amounts  of  the  amino  compounds,  acetyl  chloride,  and  ferric  ion 
react  to  produce  a  greenish-violet  complex.  The  use  of  this  reaction  for 
the  determination  of  amines  is  described. 


APPARATUS 

A  Bausch  &  Lomb  Spectronic-20  was  used  for  the  spectrophotometric  meas 
urements. 


PROCEDURE 

Place  50  ug  to  10  mg  of  the  amino  compound  in  a  test  tube  and  add  a 
small  amount  of  gelatin,  1  ml  of  a  1%  (v/v)  aqueous  solution  .)  acety 
chloride  and  2  ml  of  5%  aqueous  ferric  nitrate  solution.  Heat  on  a  wa 
bath  at  65°C  for  20  minutes.  Make  the  volume  to  25  ml  with  conductivity 
water,  and  read  the  absorbance  at  the  optimum  wavelength  (550  nm). 

75.  M.  Weigele,  S.  DeBernardo,  and  W.  Leimgruber,  Biochem.  Biophys.  Res.  Commun., 
50,  352  (1973). 
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.  RESULTS  AND  DISCUSSION 

Each  amino  compound  requires  the  preparation  of  a  separate  calibra¬ 
tion  curve.  Reproducible  calibration  curves  were  obtained  for  anihne, 
diphenylamine,  pyridine,  diethylaniline,  phenylenediamine,  p-toluidine, 

methylamine,ethylamine,isopropylamine,amylamine,  lS-d'ammopr0- 

pane.  morpholine,  and  piperidine.  The  standard  deviation  for  10  different 
measurements  of  205  pg  of  aniline  was  4.50  pg,  and  the  maximum 
error  was  ±3%,  which  is  in  the  spectrophotometric  error  range. 

Certain  organic  compounds  were  added  to  aniline,  and  it  was  found 
that  nitrobenzene,  acetic  acid,  bromobenzene,  and  benzaldehyde  have  no 
effect  on  the  intensity  of  the  color  of  the  complex.  Phenol,  acetic 
anhydride,  and  benzamide  interfere. 
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Imino  groups  are  alkaline  and  can  be  titrated;  however  their  basicity  is 
much  lower  than  that  of  the  parent  amines  (see  discussion  on  pp.  567-70). 
Imines  can  be  titrated  directly  in  nonaqueous  media.  Also,  these  com¬ 
pounds  can  be  hydrolyzed  back  to  the  parent  carbonyl  compound,  and 
this  can  be  determined. 


Nonaqueous  Titration  Methods 

Adapted  from  S.  Freeman 

[ Reprinted  in  Part  from  Anal.  Chem.,  25 ,  1750-1  (1953)] 
APPARATUS 

Beckman  pH  meter  (Model  G)  or  similar  titrator. 

Glass  electrode,  Beckman  Catalog  No.  1190-42. 

Calomel  electrode,  Beckman  Catalog  No.  1170. 


REAGENTS 


Acetic  acid,  reagent  grade,  glacial. 

Acetic  anhydride,  reagent  grade,  90  to  95%. 

Acetonitrile,  Eastern  Chemical  Company,  or  equivalent. 
p-Dioxane,  Carbide  and  Carbon  Chemicals  Company,  or  equivalent. 

Methyl  violet,  0.1%  solution  in  glacial  acetic  acid.  ...  , 

Perchloric  acid  in  acetic  acid.  Dissolve  8.5  ml  of  72%  perchloric  acid  in  100  m 
of  glacial  acetic  acid;  add  22  ml  of  acetic  anhydride,  and  let  stand  overnight. 

Dilute  to  1  liter  with  glacial  acetic  acid. 

Perchloric  acid  in  p-dioxane,  0.0 IN.  Dissolve  0.85  ml  of  72%  perchloric  acid  in 

1  liter  of  p-dioxane.  .  ... 

Perchloric  acid  in  p-dioxane,  0.1N.  Dissolve  8.5  ml  of  72 /o  perchloric  acid  i 

1  liter  of  p-dioxane. 

Potassium  acid  phthalate,  primary  standard  grade. 
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PROCEDURE  A 


Dissolve  the  sample  containing  3  meq  (accurately  we.ghed)  of  Schtff 
base  in  50  ml  of  acetic  acid.  Titrate  potentiometncally  with  0.1  JV  per¬ 
chloric  acid  in  acetic  acid  using  the  millivolt  scale  of  the  pH  meter  or 
methyl  violet  indicator  to  a  blue-green  end  point. 


PROCEDURE  B  (1) 

Dissolve  the  sample  containing  approximately  0.3  meq  of  total  Schiff 
base  and  amine  in  25  ml  of  chloroform  and  titrate  potentiometncally  with 
0.01N  perchloric  acid  in  dioxane.  Standardize  the  titrant  against  purified 
diphenylguanidine  in  chloroform,  using  the  pH  meter. 


PROCEDURE  C  (2) 

Dissolve  the  sample  containing  about  3  meq  of  total  Schiff  base  and 
amine  in  50  ml  of  acetonitrile  and  titrate  potentiometncally  with  0.1N 
perchloric  acid  in  dioxane.  Run  a  50-ml  blank  on  each  batch  of  acetoni¬ 
trile. 

With  the  exception  of  N4-p-methoxybenzylidinesulfathiazole,  the  po¬ 
tential  change  at  the  equivalence  point  using  Procedure  A  was  so  great 
(70-100  mV  per  0.1ml  of  volumetric  solution)  than  no  record  of  the 
potential  change  was  necessary.  For  the  sulfathiazole  Schiff  base,  the 
potential  change  was  on  the  order  of  10  to  15  mV  per  0.1  ml  of  titrant, 
and  its  exact  determination  required  recording  to  note  its  position. 
However  when  Procedure  C  was  employed  for  this  substance,  a  much 
greater  break  in  the  titration  curve  occurred,  which  obviated  the  need  to 
plot  points. 


SCOPE 

Ten  Schiff  bases  were  prepared,  and  the  analytical  data  were  compiled 
by  titrimetric,  nitrogen,  and  dinitrophenylhydrazone  methods  of  analyses 
(Table  1).  Purity  values  obtained  by  the  latter  procedure  vary  between 
0.4  and  0.9%  higher  than  those  of  the  other  two  methods,  Shoppee  (5) 
noted  that  the  p-nitrophenylhydrazones  of  halogen  and  methoxy- 
substituted  benzaldehydes  appeared  to  occlude  small  amounts  of  im¬ 
purities,  and  he  reported  analytical  results  on  these  classes  of  compounds 

'■  lT  cW_Plfer’  E.  G  Wollish.  and  M.  Schmall,  Anal.  Chem.,  25,  310  (1953) 

2.  J.  S.  Fritz,  Anal.  Chem.,  25,  407  (1953). 
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Table  1.  Analytical  Results  on  Schiff  Bases  by  Three  Different  Methods 

2,4-Dinitro- 

phenyl- 

ProcedureA,  Nitrogen,  hydrazone, 
Schiff  Base  Reference  %  %  % 


N-/t-Butylidine-A7-butyl- 


amine 

(3) 

99.6 

99.6 

— 

N-Benzylidine-A7-butyl- 

amine 

(4) 

99.5 

99.6 

100.0 

N-Benzylidine-A7-hexyl- 

amine 

— 

99.4 

99.4 

100.2 

N-/?-Chlorobenzylidine-A7- 

hexylamine 

— 

100.0 

99.9 

100.9 

N-/?-Methoxybenzylidine- 

benzylamine 

(5) 

98.9 

98.9 

99.8 

N-/?-Methoxychlorobenzyl- 

100.1 

idinebenzylamine 

(6) 

99.4 

99.5 

N-Benzylidineaniline 

(7) 

99.7 

99.8 

100.2 

N-/?-Butylidineaniline 

(8) 

99.0 

99.1 

— 

1 ,2-Bis(benzylidineamino)- 

99.8 

100.1 

ethane 

(9) 

99.7 

N* * 3 4 5-/?-Methoxybenzylidine- 

97.6 

98.3 

sulfathiazole 

(10) 

97.8 

between  100.5  and  104%.  There  is  excellent  agreement  between  the 
titrimetric  and  nitrogen  assay  methods.  The  results  of  assays  using  methyl 
violet  indicator  lie  within  0.1%  of  those  obtained  potentiometrically 


(Procedure  A). 

No  differentiation  between  Schiff  bases  and  the  parent  aliphatic  or 
aromatic  amines  could  be  accomplished  by  procedure  A  (Fig.  12.1).  This 
is  probably  due  to  the  leveling  effect  of  acetic  acid  (2)  (see  p.  534). 
Employing  the  technique  of  Pifer,  Wollish,  and  Schmall  (Procedure  B), 
aliphatic  amines  could  be  quantitatively  distinguished  from  their  respec¬ 
tive  Schiff  bases  (Fig.  12.2).  Only  by  the  method  of  Fr.tz  (Procedure  C); 
was  it  possible  to  effect  a  quantitative  differentiation  between  aniline  and 

3.  W.  S.  Emmerson,  S.  M.  Hess,  and  F.  C.  Uhle,  J.  Am^hem.,Soc.,  63,  872  (1941). 

4.  C.  W.  Stein  and  A.  R.  Day,  J.  Am.  Chem.  Soc..  64,  2>69  (19  ). 

5.  C.  W.  Shoppee,  J.  Chem.  Soc.,  1932,  696. 

a.  H.  matt1!  Edit  or  ^Organic^'ynthesel  2nd  ed.,  Coll.  Vol.  I,  Wiley,  New  York,  1941,  p. 

8.  M.'  S.  Kharasch,  I.  Richlin,  and  F.  R.  Mayo  X  A*  Chem.  Soc.,  62,  494  (1940). 

9.  G.  Loeb,  Rec.  Trav.  Chim.  Pays.  Bas ,  55,  8- 9  (  )■ 

10.  R.  N.  Castle,  J.  Am.  Pharm.  Assoc.,  Sci.  Educ.,  50,  16.  (1  )■ 
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Fig.  12.1.  Titration  of  1 : 1  mixture  of  aniline  and  N-benzilidine- 
aniline  in  acetic  acid. 


N-benzylidineaniline  (Fig.  12.3).  By  means  of  Procedure  B  and  C,  amine 
impurities  occurring  in  Schiff  bases  in  concentrations  as  low  as  1%  can  be 
determined  by  simply  increasing  the  sample  size  (see  p.  534  for  further 
discussion  of  the  leveling  effect  of  solvents;  also  see  pp.  567-70  for 
discussion  for  relative  basicities  of  amines  and  their  Schiff  bases). 

Only  one  inflection  was  observed  in  the  titration  curve  of  N-butylidine- 
aniline  when  following  Procedures  A  through  C.  This  compound  is 
reported  to  contain  both  an  azomethine  and  a  secondary  amine  groupings 
(8).  In  addition,  equimolar  mixtures  of  aniline  and  N-butylidineaniline 


Fig.  12.2.  Titration  of  /V-benzilidine-n-hexylamine 
containing  10%  n-hexylamine  in  chloroform. 
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Fig.  12.3.  Titration  of  N-benzylidineaniline  contain¬ 
ing  10%  aniline  in  acetonitrile. 

and  sulfathiazole  and  N4-p-methoxybenzylidinesulfathiazole  yielded  only 
one  break  in  their  titration  curves.  These  results  were  duplicated  when 
acetic  acid  was  substituted  for  dioxane  as  solvent  for  the  perchloric  acid 
(2)  using  Procedure  C. 


Hydrolysis  Methods 


R  R 

%xc=nr2^A  c=o+r.nh, 

/  / 

R,  Ri 

(where  Rt  and  R2  can  be  hydrogen) 

2,4-DINITROPHENYL  HYDRAZONE  PRECIPITATION  OF 
CARBONYL  PORTION  OF  IMINE 

Method  of  S.  Freeman 

[Reprinted  in  Part  from  Anal.  Chem.,  25,  1750-1  (1953)] 
precipitation  of  2 , 4  -  dinitrophenylhydrazones 

To  about  1  meq  (accurately  weighed)  of  Schiff  base  in  50  ml  of  ethyl 
alcohol,  add  50%  excess  of  a  1%  solution  of  2,4-dinitrophenylhydrazine 
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in  2 N  hydrochloric  acid.  The  precipitate  forms  immediately  and  is  al¬ 
lowed  to  remain  overnight  at  room  temperature.  It  is  then  filtered  off, 
washed  with  2 N  hydrochloric  acid,  and  dried  to  constant  weight. 

The  compounds  run  by  this  method  were  listed  in  Table  1.  The  results 
by  the  hydrogen  method  are  compared  to  those  obtained  by  nonaqueous 

titration.  .  .  ,  ,  , 

This  analysis  is  more  selective  than  the  titration  method  because  it  is  a 

function  of  the  carbonyl  portion  of  the  Schiff  base.  Basicity  is  a  common 

property,  hence  the  titration  is  not  as  selective.  The  titration  methods, 

however,  are  much  faster  than  this  gravimetric  approach. 


BISULFITE  METHOD 

This  approach  also  measures  the  carbonyl  portion  of  the  imine  by 
hydrolysis  and  bisulfite  addition  product  formation  with  the  resultant 
carbonyl  compound. 


Adapted  from  E.  F.  Hillenbrand,  Jr.,  and  C.  A.  Pentz 

[ Reprinted  in  Part  from  Organic  Analysis ,  Vol.  Ill ,  Edited  by  J.  Mitchell ,  Jr.,  et 
ai,  Wiley -Interscience,  New  York,  1956,  pp.  194-6] 

REAGENTS 

Sulfuric  acid,  approximately  0.6 N. 

Sodium  bisulfite,  0.2 N  aqueous  solution. 

Methyl  red  indicator,  0.2%  aqueous  solution. 

Starch  indicator,  1.0%  aqueous  solution. 

Standard  0.1N  iodine. 


PROCEDURE 


Add  25  ml  of  distilled  water  to  each  of  four  500-ml  glass-stoppered 
Erlenmeyer  flasks.  Reserve  two  of  the  flasks  for  a  blank  determination. 
Into  each  of  the  other  flasks  introduce  an  amount  of  sample  containing  1 
to  2  meq  of  imine.  Place  the  flasks  in  an  ice  bath  at  0  to  5°C  for  10 
minutes.  Add  2  drops  of  the  methyl  red  indicator  and  neutralize  by 
adding  6 N  sulfuric  acid  from  a  buret.  Swirl  the  flasks  sufficiently  to  make 
sure  the  sample  is  completely  neutralized,  but  do  not  add  an  excess  of 
acid.  Return  the  flasks  to  the  ice  bath  and  allow  them  to  stand  for  10 
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minutes.  Introduce  25  ml  of  0.2iV  sodium  bisulfite  into  each  flask  using  a 
pressure-type  pipet.  Keep  the  tip  of  the  pipet  just  at  the  surface  of  the 
solution.  Space  the  addition  of  the  reagent  to  allow  equal  reaction  time 
for  all  blanks  and  samples.  Remove  the  flasks  from  the  ice  bath,  swirl  the 
contents  gently,  and  allow  them  to  stand  at  room  temperature  for  exactly 
30  minutes.  Swirl  the  flasks  occasionally  during  this  time.  Replace  the 
flasks  in  the  ice  bath  for  exactly  5  minutes.  Remove  the  flasks  from  the 
ice  bath  and  add  approximately  25  grams  of  crushed  ice.  Add  2  ml  of  the 
starch  indicator  and  titrate  immediately  with  0.1N  iodine  to  the  first 
appearance  of  a  blue  end  point. 


CALCULATION 


(B-A)NxE.W. 

- =  imme,  wt.  % 

Grams  of  sample  x  10 

where  A  =  milliliters  of  N  normal  iodine  required  for  the  sample 
B  =  milliliters  of  N  normal  iodine  required  for  the  blank 
E.W.  =  equivalent  weight  of  imine 

Compounds  for  which  this  procedure  was  found  to  give  satisfactory 
results  include  ethylimine  polymer;  butylimine;  N-butylidenebutylamine; 
N-decylidenedecylamine ;  amylimine;  N-amylideneamylamine;  N-(2- 
butyloctylidene)-3-butyloctylamine;  N-e  thylideneaniline;  and  N- 
butylideneaniline.  In  cases  in  which  solubility  difficulties  occur,  the  proce¬ 
dure  is  modified  to  use  a  15:10  mixture  of  isopropanol  and  water  as  the 
solvent  medium. 


HYDROXYLAMINE  METHOD 

Adapted  from  E.  F.  Hillenbrand,  Jr. 

[Reprinted  in  Part  from  Organic  Analysis ,  Vol.  III,  Edited  by  J.  Mitchell  Jr.,  et 
al,  Wiley -Interscience,  New  York,  1956,  pp.  194-6 \ 

When  the  aldehyde  released  by  the  neutralization  (hydrolysis)  reaction 
cannot  be  determined  using  sodium  bisulfite  reagent,  the  free  hydrox- 
ylamine  reaction  may  often  be  applied.  To  use  this  procedure,  ad  e 
sample  to  15  ml  of  isopropanol  and  10  ml  of  water.  Add  1  ml  o  0.04 /o 
solution  of  bromophenol  blue  indicator  in  methanol,  and  nearly  neut¬ 
ralized  the  sample  with  6 N  hydrochloric  acid;  the  fina  neutralization  is 
completed  with  0.5N  hydrochloric  acid.  To  both  a  blank  and  the  sample. 
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■add  35ml  of  0.5 N  hydroxylamine  hydrochloride  that  has  been  neut¬ 
ralized  with  0.5 N  sodium  hydroxide  to  bromophenol  blue  indicator. 
Introduce  exactly  3  ml  of  0.5  N  hydrochloric  acid,  and  allow  the  blank  and 
the  sample  to  stand  at  room  temperature  for  60  minutes.  Then  titrate 
both  blank  and  sample  with  standard  0.5  N  sodium  hydroxide  to  a 
blue-green  end  point. 

This  method  has  been  applied  successfully  to  the  following  imines  and 
N-substituted  imines :  ethylimine ;  N-isopropylideneisopropylamine ; 
butylimine;  N-butylidenebutylamine;  2-ethylbutylimine;  2-ethylhexyl- 
imine;  N-(2-ethylbutylidene)-2-ethylbutylamine;  and  a-methylbenzyl- 


lmine. 
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Titanous,  Chromous,  and  Ferrous 

Reductions 

(— N=N— ;  — N02;  —NO;  — NHNH — * — N=N — ) 


These  groups — azo,  nitro,  nitroso  (or  N-oxide),  hydrazo,  or  diazonium 
groups,  respectively — can  be  readily  reduced  using  titanous  or  chromous 
ions.  Titanous  ion  is  the  most  used  reducing  agent  but  probably  only 
because  it  has  the  longer  history.  Chromous  ion  has  all  the  earmarks  of 
being  just  as  widely  applicable,  although  the  work  to  date  reports  its  use 
only  for  nitro,  azo,  and  nitroso  groups.  The  iron(II)  systems  offer  some 
advantages  of  selectivity  for  nitro  and  nitroso  compounds. 

The  reductions  proceed  as  shown  below. 

RN=NR1  +  4(H)  ->  RNH2  +  R!NH2 
RN02  +  6(H)  RNH2+  2H20 

RNO  +  4(H)  RNH2  +  H20 

RNHNHRj  +  2(H)  ->  RNH2  +  RjNH2 
[RN+=N]X~*  +  6(H)  RNH2  +  NH4X 

The  systems  must  be  handled  in  the  absence  of  oxygen,  since  the 
reagent  ions  are  readily  oxidized.  This  is  the  only  drawback  of  the 
approaches;  however,  the  disadvantage  is  minimized  with  the  proper 
apparatus  and  handling,  and  the  methods  are  quite  readily  applicable  with 

an  attainable  accuracy  and  precision  of  about  ±1%. 

The  titanous  method  to  be  shown  has  been  used  for  many  years  in  the 

laboratories  of  the  authors. 

Titanous  Reduction 

REAGENTS 

titanous  chloride.  Boil  1  liter  of  water  containing  100  ml  of  concentrated 
hydrochloric  acid  to  remove  dissolved  oxygen.  Cool  this  solution  under  nitrogen, 

*  X'  is  usually  halide  or  bisulfate  ion. 
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and  add  to  it  560  ml  of  20%  titanous  chloride  (TiCl3  is  sold  in  20%  solution). 
Dilute  the  solution  to  2  liters  with  freshly  boiled  and  cooled  distilled  water  Store 
under  hydrogen-  or  oxygen-free  nitrogen  in  an  apparatus  as  described  in  g. 
13.1,  or  in  any  other  storage  buret  that  permits  storage  with  inert  atmosphere. 
Ammonium  thiocyanate,  10%  solution. 

ferric  ammonium  sulfate  solution.  Dissolve  282  grams  o  errous  am 
monium  sulfate  in  600  ml  of  water,  and  add  50  ml  of  concentrated  sulfuric  acid. 
To  the  still  warm  solution,  slowly  add  80  to  100  ml  of  Perhydrol  (30 /o  hydrogen 
peroxide),  with  stirring.  Boil  off  the  excess  peroxide,  cool  the  solution  and 
dilute  to  4  liters.  To  standardize  the  ferric  ammonium  sulfate  solution,  place  20  ml 
of  the  solution  in  a  250-ml  iodine  flask  together  with  4  ml  of  4N  hydrochloric 
acid.  Then  add  2  grams  of  potassium  iodide  and  allow  the  solution  to  stand  for  5 
minutes.  Titrate  the  liberated  iodine  with  0.1N  sodium  thiosulfate  to  the 

starch  end  point. 


APPARATUS 

Storage  buret  for  titanous  chloride  (Fig.  13.1). 

The  buret,  as  indicated  in  Fig.  13.1,  is  used  for  Karl  Fischer  reagent:  Since  this 
reagent  must  be  protected  from  water  vapor,  Ascarite  tubes  are  shown  in  the 
diagram.  Titanous  chloride  solution  must  be  protected  against  oxygen,  however; 
thus  the  Ascarite  tubes  do  not  apply  in  this  case.  For  titanous  chloride  solution,  a 
hydrogen  generator  (a  Kipp  generator)  is  attached  to  the  vent  from  the  storage 
bulb.  In  this  manner,  a  continuous  hydrogen  atmosphere  is  maintained  above  the 
solution. 

Attached  to  the  vent  of  the  measuring  buret  section  of  the  apparatus  is  a  small 
stopcock. 

When  the  apparatus  is  charged  with  titanous  chloride  solution,  the  atmosphere 

above  the  solution  is  purged  of  air  by  turning  the  buret  stopcock  so  that  the 

measuring  buret  is  open  to  the  atmosphere  at  the  tip.  The  hydrogen  from  the 

generator  will  then  flow  through  the  bypass  tube  from  the  reservoir,  to  the  buret, 

and  on  to  the  outside  through  the  buret  tip.  This  operation  will  purge  the  buret  as 

well  as  the  atmosphere  above  the  titanous  chloride  solution.  In  filling  the 

measuring  buret,  the  stopcock  is  turned  to  connect  the  buret  to  the  reservoir. 

Then  the  stopcock  on  the  vent  of  the  buret  is  opened,  and  the  buret  will  fill  with 

reagent.  The  reagent  entering  the  buret  will  force  out  the  hydrogen  through  the 

stopcock  at  the  vent.  As  soon  as  the  buret  is  filled  to  the  desired  level,  both  the 

stopcock  at  the  vent  and  at  the  tip  of  the  buret  are  closed.  To  introduce  the 

reagent  to  the  reaction  vessel,  the  stopcock  at  the  buret  tip  is  opened  to  the 

reaction  vessel  containing  the  sample  (through  which  oxygen-free  nitrogen  is 

bubbling).  The  hydrogen  pressure  in  the  apparatus  will  cause  the  solution  to  flow 
out  of  the  buret. 

Reaction  flask  (Fig.  13.2). 
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Fig.  13.1.  Storage  buret  for  titanous  chloride. 


PROCEDURE 

Place  about  0.005  equivalent  of  sample  in  a  500-ml  Erlenmeyer  flask 
and  dissolve  in  water  or  in  glacial  acetic  acid  if  the  sample  is  water 
insoluble.  Then  equip  the  flask  as  in  Fig.  13.2  to  keep  the  reaction  under 
nitrogen.  Pass  oxygen-free  nitrogen  through  the  sample  for  5  to 
minuses  Next  add  25  ml  of  titanous  chloride  solution,  30  ml  of  concen¬ 
trated  hydrochloric  acid,  and  2  ml  of  hydrofluoric  acid.  Boil  the  solution 
or  5  minutes  (a  longer  time  may  be  needed  for  some  samples)  A 
condenser  should  be  attached  to  the  reaction  flask  for  volatile ^samp  es. 
With  the  nitrogen  still  bubbling  through  the  solution,  cool  the  A  ask  in  ice, 
and  add  10  ml  of  10%  ammonium  thiocyanate.  Titrate  the  solutio 

“e  iriic  ."monium  >«»«  *>'»>»"  »  « 

nitrogen  bubbling  through  the  solution. 
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A  blank  should  be  run  on  the  titanous  chloride  for  each  set  of 
reductions.  Use  the  same  solvent  for  the  blank  as  is  used  for  the  sample. 

CALCULATIONS 


(Milliliters  of  FAS  blank  minus  milliliters  of  FAS  sample) 

xNFASxmol.  wt.  of  compound  x  100 

Grams  of  sample  x  1000  x  A  ~~  ^  comPound 

where  A  =  number  of  hydrogen  atoms  consumed  per  molecule  of 
compound 

FAS  =  ferric  ammonium  sulfate  solution 
The  preceding  procedure  was  used  successfully  to  analyze  2  4-dinitro- 
phenylhydrazine;  p-nitraniline;  1,3,5-trinitrobenzene;  benzene-azodi- 
phenylamine;  p-mtrobenzeneazoresorcinol;  hydrazobenzene.  The  aver¬ 
age  accuracy  and  reproducibility  are  better  than  ±2% .  With  special  cart 

to  keep  oxygen  out  of  the  reagents  and  the  reaction  mixture,  result! 
better  than  ±1  /o  can  be  obtained. 

Oxygen  is  the  most  troublesome  interference  in  this  procedure-  how¬ 
ever  any  reducible  substance  will  usually  interfere.  Ethylenic  or  ace’tylenii 
compounds  generally  are  not  reduced  by  titanous  chloride  Y 
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Chromous  Reduction 

Adapted  from  R.  S.  Bottei  and  N.  H.  Furman 

[ Reprinted  in  Part  from  Anal.  Chem.,  21 ,  1182-4  (1955)] 

Chromous  salts  have  not  been  as  extensively  used  for  the  quantitative 
analysis  of  reducible  organic  compounds  as  have  titanous  salts.  Someya 
(1)  reduced  p-nitroaniline,  picric  acid,  and  p-nitrophenol  with  an  excess 
of  chromous  chloride  solution,  which  was  prepared  by  the  incomplete 
reduction  of  chromic  chloride  by  amalgamated  zinc.  The  excess  chromous 
chloride  was  titrated  with  standard  ferric  alum  solution.  Terent’ev  and 
Goryacheva  (2)  had  titrated  quinone,  azobenzene,  and  m-  and  p-nitro¬ 
aniline  directly,  using  methyl  red  as  an  indicator.  Their  precision  for  the 
determination  of  azobenzene  was  very  poor.  They  prepared  their 
chromous  solution  by  dissolving  chromous  acetate  in  hydrochloric  acid. 
Both  these  methods  necessitated  the  frequent  standardization  of  the 
chromous  solution.  Lingane  and  Pecsok  (3)  have  shown  that  it  is  rela¬ 
tively  easy  to  prepare  and  maintain  a  standard  chromous  solution  of 
exactly  determinate  strength.  Since  chromous  solutions  are  stronger  re¬ 
ducing  agents  than  titanous  solutions,  and  their  reactions  are  generally 
faster  than  titanous  salts  in  that  the  reductions  are  usually  carried  out  at 
room  temperature,  it  was  decided  to  reinvestigate  the  use  of  chromous 
chloride  for  organic  analysis. 

This  section  presents  the  results  of  the  use  of  this  reagent  for  the 
determination  of  o-nitrobenzoic  acid,  2,4,6-trinitrobenzoic  acid,  2,4,6- 
trinitroresorcinol,  2,4-dinitrophenylhydrazine,  nitroguanidine,  p- 
nitrobenzeneazoresorcinol,  nitroso-R  salt,  anthraquinone  2,7-disodium 
sulfonate,  and  the  monopotassium  salt  of  acetylene  dicarboxylic  acid.  All 
are  quantitatively  reduced,  the  nitrogen-containing  compounds  to  the 
corresponding  amines  (rupture  of  the  N — N  link  in  the  azo  compound), 
the  anthraquinone  to  the  corresponding  anthrahydroquinone,  and  the 
acetylenic  compound  to  the  corresponding  ethylenic  compound. 


EXPERIMENTAL 


apparatus 

The  titration  cell  was  a  tail-form  200-ml  electrolytic  beaker,  covered  by  a 
rubber  stopper  provided  with  a  gas  inlet  tube,  a  saturated  calomel  relerence 

1  K  Someva  Z  Anorg.  Allgetn.  Chem.,  169,  293  (1928).  .  - 

2  A.  P,  Terent’ev  and  G.  S.  Goryacheva,  Uche,  Zap.  (Wiss.  Ber.  Mask.  Staats-Unm.),  3, 

3.  jTungane  and  R.  L.  Pecsok,  Anal.  Chem.,  20,  425  (1948). 
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electrode,  a  platinum  indicator  electrode,  a  thermometer,  if  the  reaction  wds  >° 
carried  out  at  an  elevated  temperature,  and  openings  for  a  gas  outlet  an 
delivery  tips  of  two  burets.  If  any  of  the  openings  were  not  used,  they  were  closed 
by  means  of  corks.  If  the  solution  was  to  be  heated,  a  beaker  encircled  wi 
asbestos-covered  heating  wire  was  used.  The  temperature  was  controlled  by 
regulating  the  current  flowing  through  the  heating  wire  by  means  of  a  Vanac. 

The  solutions  were  stirred  with  a  magnetic  stirrer. 

The  end  point  of  the  reaction  was  determined  potentiometrically  by  measuring 
the  voltage  change  by  means  of  a  Leeds  &  Northrup  line-operated  pH  meter, 
Model  7664.  Since  the  titrant  could  be  added  in  very  small  increments  (about 
0.02  ml,  if  the  stopcock  is  spun  rapidly  and  the  buret  tip  has  a  rather  small 
opening),  it  was  not  necessary  to  plot  the  voltage  change.  The  voltage  change  at 
the  end  point  in  the  back-titration  of  excess  chromous  chloride  with  ferric  alum 
solution  is  about  500  mV,  whereas  the  voltage  change  at  the  end  point  in  the 
direct  titration  of  the  anthraquinone  salts  is  only  about  175  mV. 

The  end  point  in  the  back-titration  of  chromous  solution  with  ferric  alum 
solution  can  also  be  determined  using  the  derivative  polarographic  end  point  (4), 


in  which  case  the  saturated  calomel  reference  electrode  is  replaced  by  a  second 
platinum  electrode.  The  pair  of  platinum  electrodes  are  polarized  by  a  small 
constant  current  of  about  2  fiA. 

The  apparatus  used  for  storing  and  dispensing  standard  chromous  solution  was 
the  same  as  that  utilized  by  Lingane  and  Pecsok  (3),  except  that  a  2-liter  storage 
flask  was  used  in  place  of  the  1-liter  one.  In  this  way  enough  chromous  solution 
was  available  for  about  35  separate  determinations. 


REAGENTS 


STANDARD  0.1000N  SOLUTION  OF  CHROMOUS  CHLORIDE  IN  0.1  N  HYDROCHLORIC 

acid.  Prepared  directly  in  the  storage  flask  by  the  procedure  described  by 
Lingane  and  Pecsok  (3).  Fill  the  2-liter  storage  flask  (Fig.  13.3)  about  two-thirds 
full  with  amalgamated  mossy  zinc,  and  add  about  1  liter  of  0.1000M  chromic 
chloride  in  0.1N  hydrochloric  acid.  The  reduction  is  usually  allowed  to  proceed 
overnight.  Store  the  solution  under  pure  hydrogen  obtained  from  a  Kipp 
generator,  the  hydrogen  being  freed  from  oxygen  by  passage  through  a  bubble 
tower  containing  chromous  chloride  solution  in  IN  sulfuric  acid  in  contact  with 
amalgamated  zinc.  Standardize  the  chromous  solution  against  standard  cupric  solu¬ 
tion  in  6 N  hydrochloric  acid  as  recommended  by  Lingane  and  Pecsok  (3).  Prepare  the 
standard  cupric  solution  from  copper  sulfate  pentahydrate  and  standardize 
electrogravimetrically  as  described  by  Willard  and  Furman  (5). 

baker  AND  adamson’s  “reagent  ouality”  zinc.  Amalgamate  with  about 
2  /o  mercury  by  shaking  it  for  about  10  minutes  in  a  mercuric  chloride  solution  in 


s’  u  ^  Rxtr!fy\W‘  Cooke’  and  N-  H-  Furman,  Anal.  Chem.,  23,  1223  (1951) 

5.  H  H.  Willard  and  N.  H.  Furman,  Elementary  Quantitative  Analysis  3rd  ed  Van 
Nostrand,  New  York,  1940,  p.  44.  y  ’  3rd  ed..  Van 
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Fig.  13.3.  Apparatus  for  preparation,  storage,  and 
dispensing  of  standard  chromous  sulfate  solutions. 

dilute  hydrochloric  acid.  At  first,  a  solution  of  mercuric  nitrate  in  dilute  nitric  acid 
was  used  to  amalgamate  the  zinc;  however  the  chromous  solution  obtained  by 
using  this  amalgamated  zinc  always  had  a  normality  about  2  to  3%  too  low, 
although  the  amalgam  was  washed  thoroughly  before  use. 

APPROXIMATELY  0.1  N  FERRIC  ALUM  SOLUTION,  ACIDIFIED  WITH  SULFURIC  ACID 

(to  IN).  Use  this  in  the  back-titration  of  excess  chromous  chloride  solution. 
Free  the  solution  of  oxygen  by  passing  nitrogen  through  it  for  about  15  minutes, 
free  the  nitrogen  of  oxygen  in  the  usual  manner.  Standardize  the  solution  either 
by  titrating  with  standard  permanganate  (6)  portions  of  the  solution,  which  have 
been  reduced  by  amalgamated  zinc  in  a  Jones  reductor,  or  by  titrating  aliquots 
with  standard  chromous  solution. 


6.  Ibid.,  pp.  230-1. 
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Standard  solutions  of  the  organic  compounds  investigated  were  general  y 
prepared  by  dissolving  a  known  weight  of  the  purest  commercially  available 
material  in  water,  or  in  glacial  acetic  acid,  if  the  substance  was  insoluble  in  water. 
The  sample  of  nitroguanidine  was  recrystallized  from  water  two  times  and  air 
dried.  One  of  the  solutions  of  the  monopotassium  salt  of  acetylene  dicarboxylic 
acid  was  prepared  from  material  synthesized  according  to  the  method  of  Moureu 
and  Bongrand  (7). 


PROCEDURE 

Except  where  otherwise  specified,  the  following  procedure  was  em¬ 
ployed.  Pipet  suitable  aliquots  of  the  solution  to  be  analyzed  into  a 
titration  vessel  containing  about  15  ml  of  water.  Add  10  ml  of  concen¬ 
trated  hydrochloric  acid,  and  adjust  the  initial  volume  of  the  solution  to 
about  50  ml  by  adding  water.  Bubble  carbon  dioxide,  freed  from  traces  of 
oxygen  by  passage  through  acidified  chromous  solution  in  contact  with 
amalgamated  zinc,  through  the  solution  for  about  10  minutes.  At  the  end 
of  this  period,  pass  the  carbon  dioxide  over  the  surface  of  the  solution. 
Add  an  excess  of  0.1000N  chromous  chloride  solution  and  generally 
allow  the  solution  to  stand  about  1  to  2  minutes,  depending  on  the  rate  of 
reaction,  before  back-titrating  with  standard  ferric  alum  solutions.  The 
titrations  were  performed  at  room  temperature. 

Since  platinum  is  a  catalyst  for  the  decomposition  of  chromous  ion  by 
hydrogen  ion,  keep  the  platinum  electrode  out  of  the  solution  until  it  is 
time  to  back-titrate,  at  which  time  lower  it  into  the  solution.  Follow  a 
similar  procedure  with  the  saturated  calomel  electrode. 

,In  the  determination  of  p-nitrobenzeneazoresorcinol,  25  ml  of  concen¬ 
trated  hydrochloric  acid  has  to  be  used  in  place  of  the  usual  10  ml; 
otherwise  a  precipitate  forms. 

The  samples  of  nitroguanidine  and  of  the  monopotassium  salt  of 
acetylene  dicarboxylic  acid  are  not  prepared  in  acid  medium.  Add  the 
aliquots  to  enough  water  to  give  an  initial  volume  of  about  50  ml.  In  the 
presence  of  hydrochloric  or  sulfuric  acid,  the  results  are  very  low.  In  the 
case  of  nitroguanidine,  the  use  of  a  citrate-buffered  solution  does  not 
improve  the  results  appreciably,  and  in  addition,  the  end  point  response  is 
sluggish  as  compared  with  a  nonbuffered  solution.  In  these  determina¬ 
tions  it  is  not  necessary  to  allow  the  solution  to  stand  for  several  minutes 
before  back-titrating  the  excess  chromous  solution. 

The  determination  of  2,4,6-trinitrobenzoic  acid  must  be  performed  at 
an  elevated  temperature.  At  room  temperature  in  either  hydrochloric  o 
sulfuric  acid  solution  only  about  70%  reduction  is  obtained  whereas  in  a 
7.  C.  Mouceay  and  J.  C.  Bongnand,  Ann.  Chim.,  14,  47  (1970). 
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citrate-buffered  solution,  the  reduction  is  increased  to  about  80%.  The 
procedure  that  was  finally  adopted  involved  heating  a  hydrochloric  acid 
solution  of  the  sample  to  85°C  and  allowing  it  to  cool  to  55°C  before 
back-titrating  the  excess  chromous  chloride. 

Run  a  blank  using  the  same  solvent  conditions  employed  for  the 
samples  on  the  chromous  chloride  for  each  set  of  reductions. 

Titrate  the  anthraquinone-2, 7-disodium  sulfonate  as  well  as  an  impure 
sample  of  l-nitro-anthraquinone-5-sodium  sulfonate,  directly  in  a  hydro¬ 
chloric  acid  medium.  The  reaction  at  the  end  point  is  slow;  therefore 
allow  a  5-minute  wait  before  making  the  final  reading.  Heating  does  not 
improve  the  end  point  response. 


RESULTS  AND  DISCUSSION 


Table  1  contains  the  results  that  were  obtained  for  the  compounds 
investigated  in  this  study,  which  indicates  that  satisfactory  results  can  be 
obtained. 

The  minimum  excess  of  chromous  chloride  to  be  added  to  a  given 
sample,  to  obtain  satisfactory  results,  varied  with  the  nature  of  the 
compound  and  generally  depended  on  its  concentration  in  the  solution. 
Therefore  a  systematic  investigation  was  necessary  to  carry  out  the 
percentage  reduction  for  a  given  added  excess  at  a  particular  concentra¬ 
tion  of  the  sample.  In  general,  for  10  ml  of  an  approximately  0.1N 
solution  an  excess  of  200  to  250%  was  sufficient.  With  smaller  samples 
the  required  excess  may  be  the  same  as  or  slightly  greater  than  with 
samples  of  a  higher  concentration,  or  it  may  be  considerably  greater  as  in 
the  case  of  the  monopotassium  salt  of  acetylene  dicarboxylic  acid  or  2,4- 
dinitrophenylhydrazine. 

The  indirect  determination  of  anthraquinone-2, 7-disodium  sulfonate 
using  the  general  procedure  invariably  produced  low  results.  This  was 
because  of  the  very  easy  oxidation  of  the  anthrahydroquinone  by  ferric 
ion.  However  the  indirect  determination  of  1-nitroanthraquinone  5- 
sodium  sulfonate  gave  the  same  results  as  the  direct  titration  Since  the 
sample  was  impure,  these  data  are  not  presented  in  Table  1.  The  firs 
appreciable  voltage  change  (about  200  mV)  was  taken  to  be  the  end  pent 
for  the  back-titration.  After  this  break,  there  was  a  gradual  voltage 
change  with  added  ferric  solution,  and  finally  another  substantial  break 
corresponding  to  the  oxidation  of  the  anthrahydroquinone.  This  was 
observed  qualitatively  in  that  the  reddish-brown  of  the  anthra¬ 
hydroquinone  eventually  gave  way  to  the  characteristic  green  of  the 

chromic  ion. 
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Table  1.  Analysis  of  Organic  Compounds  Using  Chromous  Chloride 

Number 


Milli-  Minimum  Milli-  of 

equivalents  Excess,  equivalents  Determi- 
Taken  %  Found  nations 


0-Nitrobenzoic  acid 

0.6345 

200 

0.635 

db 

0.004 

4 

0.903 

200 

0.905 

± 

0.003 

3 

1.269 

200 

1.264 

± 

0.004 

4 

1.806 

200 

1.808 

± 

0.008 

3 

2,4,6-Trinitrobenzoic  acid 

0.7965 

300 

0.795 

± 

0.007 

4 

1.593 

200 

1.596 

± 

0.019 

5 

2,4,6-Trinitroresorcinol 

0.511 

300 

0.511 

± 

0.005 

6 

0.635 

300 

0.630 

± 

0.007 

5 

1.022 

250 

1.011 

± 

0.005 

8 

1.270 

250 

1.259 

± 

0.005 

4 

2,4-Dinitrophenyl  hydrazine 

0.5285 

450 

0.425 

± 

0.004 

8 

0.857 

250 

0.851 

± 

0.007 

5 

Nitroguanidine 

0.452 

200 

0.448 

± 

0.003 

3 

0.501 

250 

0.495 

± 

0.002 

4 

0.904 

200 

0.890 

± 

0.002 

3 

1.002 

250 

0.990 

± 

0.008 

10 

/7-Nitrobenzeneazoresorcinol 

0.369 

250 

0.371 

± 

0.002 

4 

0.738 

250 

0.731 

± 

0.003 

6 

0.500 

250 

0.493 

± 

0.002 

3 

1.000 

250 

0.995 

± 

0.001 

4 

Nitroso  R  salt 

0.425 

300 

0.423 

db 

0.004 

4 

0.537 

300 

0.536 

± 

0.001 

3 

0.850 

300 

0.850 

± 

0.004 

5 

1.074 

250 

1.074 

± 

0.002 

4 

Monopotassium  salt  of  acetylene 

0.5 17a 

400 

0.514 

± 

0.004 

6 

dicarboxylic  acid 

0.5275 

400 

0.528 

± 

0.005 

5 

0.66 1 5 

400 

0.662 

± 

0.002 

3 

1 .034° 

250 

1.025 

± 

0.003 

4 

1.055 

250 

1.055 

± 

0.001 

3 

1.323 

250 

1.325 

± 

0.002 

3 

Anthraquinone-2, 7-disodium 

1.000 

- 

1.006 

± 

0.001 

3 

sulfonate 

1.187 

— 

1.194 

± 

0.000 

4 

2.000 

— 

2.015 

± 

0.002 

4 

2.374 

— 

2.396 

± 

0.002 

4 

Material  synthesized  according  to  procedure  of  Moureu  and  Bongrand  (7). 
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Ferrous  Reductions  of  Nitro  and  Nitroso  Groups 


From  the  Method  of  W.  I.  Awad,  S.  S.  M.  Hassan,  and  M.  T.  M.  Zaki 

[Anal.  Chem.,  44,  911  (1972)] 

Because  the  reducing  power  of  iron(II)  is  less  than  that  of  titanium(III) 
or  of  chromium(II),  the  ferrous  ion  offers  the  advantage  of  less  interfer¬ 
ence  than  other  reducing  agents  suffer  in  the  determinations  of  nitro  and 
nitroso  compounds.  As  an  example,  8  equivalents  of  tin(III)  is  required 
per  mole  of  nitrophenylhydrazine,  2  for  the  hydrazine  and  6  for  the  nitro 
group,  but  only  6  equivalents  of  iron(II)  is  needed  in  acid  medium.  The 
activation  of  one  nitro  group  on  the  hydrazine  function  is  not  sufficient  to 
permit  reduction  with  iron(II). 

Also  reduction  in  alkaline  medium  is  possible  with  iron(II),  which  offers 
advantages  in  some  situations.  Other  reductants,  such  as  titanium(III), 
chromium(II).  vanadium(II),  and  tin(II),  are  used  only  in  acid  media. 


APPARATUS 

An  electrolytic  reduction  automatic  microburet  was  used  for  the  preparation, 
storage,  and  use  of  titanium(III)  solution.  The  arrangement  illustrated  on  page 
655  with  a  microburet  can  be  used. 


PROCEDURE 

reduction  IN  acid  medium.  To  determine  the  nitro  group,  weigh  3  to 
5  mg  of  the  sample  into  the  reaction  flask.  Dissolve  the  sample  in  acetone 
and  add  20  ml  of  11N  hydrochloric  acid.  Sweep  the  air  from  the  flask 
with  carbon  dioxide  or  nitrogen  for  5  minutes  at  the  rate  of  100  bubbles 
per  minute.  Follow  with  the  addition  of  1.5  to  2  grams  of  ferrous 
ammonium  sulfate.  Boil  for  15  minutes,  cool,  and  add  1  ml  of  10 /o 
ammonium  thiocyanate  solution.  Titrate  with  0.04N  t.tamum(III)  sulfate 
solution  to  the  disappearance  of  the  red  color  of  the  fernc  th.ocyan  te^ 
Carry  a  blank  experiment  through  the  procedure.  Calculate  the  nitro 
group  percentage  based  on  consumption  of  6  equivalents  of  iron(II)  per 

m0TCo  determine  °the  nitroso  group,  follow  the  same  procedure  but  with 
,5ml  o  IN  hydrochloric  acid,  1  gram  of  iron  ferrous  ammonium 
sulfate,  and  a  17-minute  boiling  period.  Calculate  the  nitroso  group 
percentage  based  on  the  consumption  of  4  equivalents  o  iron  P 

mole  of  nitroso  group. 
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reduction  in  alkaline  medium.  Weigh  3  to  5  mg  of  the  nitro  or  nitroso 
sample  into  the  reaction  flask.  Dissolve  the  sample  in  ethanol  and  add 
30  ml  of  10%  sodium  hydroxide  solution.  Sweep  the  air  from  the  flas 
with  carbon  dioxide  or  nitrogen  for  5  minutes  at  the  rate  of  100  bubbles 
per  minute.  Add  1  ml  of  IN  ferrous  ammonium  sulfate  solution.  Boil  10 
minutes,  cool,  acidify  with  concentrated  hydrochloric  acid  (about  20  ml), 
and  add  1  ml  of  10%  ammonium  thiocyanate  solution.  Titrate  with 
standard  0.04N  titanium(III)  sulfate  solution  until  the  red  color  disap¬ 
pears.  Carry  out  a  blank  under  the  same  experimental  conditions. 

Calculate  the  percentage  of  nitro  or  nitroso  group  based  on  the 
consumption  of  6  and  4  equivalents  of  iron(II)  per  mole  of  the  nitro  and 
nitroso  group,  respectively. 

RESULTS  AND  DISCUSSION 

The  nitro  group  in  organic  compounds  is  satisfactorily  analyzed  by 
reduction  with  ferrous  ammonium  sulfate  in  strong  hydrochloric  acid 
solution.  The  reduction  of  mononitro  aromatic  compounds  substituted 
with  electron-attracting  groups  [e.g.,  COOH,  Cl,  Br,  COOR,  N02,  NH3, 
AsO(OH)2]  shows  an  average  recovery  of  99.3%,  with  an  average  error 
of  ±0.2%.  Di-  and  polynitro  aromatic  compounds  show  an  average 
recovery  of  99.4%  ;  the  average  error  is  ±0.4%.  However  nitro  hydrocar¬ 
bons  and  nitro  compounds  substituted  with  electron-repelling  groups 
(e.g.,  OH,  OCH3,  CH3)  are  not  reduced  quantitatively.  The  average 
recovery  is  76.5%,  with  an  absolute  error  of  8.9%. 

The  reduction  of  nitro  compounds  in  alkaline  medium  is  successful  for 
nitro  hydrocarbons  and  mononitro  aromatic  compounds  substituted  with 
both  electron-attracting  and  electron-repelling  groups.  The  average  re¬ 
covery  is  99.9%,  and  the  mean  absolute  error  is  ±0.1%.  p-Nitrophenyl- 
hydrazine  is  the  only  nitro  compound  that  is  not  reduced  quantitatively. 
The  absolute  error  for  this  compound  is  — 12%  and  the  average  recovery 
is  60  /o .  Di-  and  polynitro  aromatic  compounds  show  an  average  recovery 
of  75.2%,  with  an  average  absolute  error  of  -12.9%. 

Nitroso  compounds  are  satisfactorily  analyzed  with  iron(II)  in  acidic 

and  alkaline  media;  the  average  recoveries  are  99.6  and  99.4%,  respec¬ 
tively.  ’  v 

Very  little  interference  is  observed  with  other  nitrogen  functions. 
Some  reducible  nonnitrogeneous  groups  that  are  occasionally  present  in 
organic  compounds  (e.g.,  ketonic,  aldehydic,  carboxylic,  sulfonic,  arsonic 

phosphomc,  as  well  as  ethylemc  and  acetylenic  bonds)  are  not  reduced  by 
iron(II)  in  either  acidic  or  alkaline  media.  * 

Results  obtained  by  this  method  are  shown  in  Table  2. 


Table  2.  Microdetermination  of  Nitro  and  Nitroso  Groups  in  Some  Aromatic  Compounds 
by  Reduction  with  Iron(II)  in  Acidic  and  Alkaline  Media 

Recovery,"  % 


Sample 


Acid  Alkaline 

Reduction  Reduction 


Mononitro  compounds 
p-Nitrobenzoic  acid 
3-Nitrophthalic  acid 
m-Nitroethylbenzoate 
p-Nitroaniline 

2- Chlroro-5-nitroaniline 

3- Chloro-4-nitrophenylacetic  acid 
p-Bromonitrobenzene 
p-Nitroacetophenone 
m-Nitro(a-phenyl)cinnamic  acid 
3-Nitro-4-hydroxyphenylarsonic  acid 
p-Toluene-3-nitroarsonic  acid 
p-Nitrophenylhydrazine 

1  -Nitronaphthalene 
3-Nitrodiphenyl 
m-Nitrophenol 
p-Nitrophenylacetic  acid 
1-Nitroanisole 
p-Nitrotoluene 
Dinitro  compounds 

2,5-Dinitrobenzoic  acid 
m-Dinitrobenzene 
Polynitro  compounds 
Trinitrotoluene  (TNT) 
2,4,6-Trinitrobenzoic  acid 
Nitrpso  compounds 

1- Nitroso-2-naphthol 
Nitroso-R  salt 

2- Nitroso-l-naphthol-4-sulfonic 

acid,  sodium  salt 

p-Nitrosodimethylaniline  hydrochloride 
Nitrosobenzene 
Research  mononitroso  sample 
(C10H20N7OC1) 


99.4 

99.4 

99.5 

99.7 

99.1 

99.7 

99.0 

99.8 

99.7 

99.8 

98.8 

99.9 

99.6 

99.6 

99.5 

99.7 

98.7 

99.9 

100.2 

100.0 

99.9 

100.5 

99.8 

60.1 

85.1 

99.6 

83.3 

99.9 

76.1 

100.0 

91.8 

100.0 

53.0 

99.9 

32.4 

100.1 

99.9 

82.1 

99.7 

81.7 

98.8 

68.1 

99.7 

77.8 

99.8 

99.6 

99.7 

99.7 

99.3 

99.0 

99.9 

99.6 

99.4 

99.3 

98.9 

98.3 

a  Each  value  is  the  average 


of  three  determinations. 
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Hydrazines  (RNHNHRt) 

Hydrazines  can  be  analyzed  chemically  by  several  approaches.  One  of 
the  most  common  is  the  titration  with  standard  acid.  Hydrazines  are  bases 
of  much  the  same  order  of  basicity  as  amines  and  can  be  titrated  in  the 
same  manner  in  aqueous  or  nonaqueous  media  (see  pp.  533-558).  The  one 
exception  is  that  glacial  acetic  acid  cannot  be  used  as  a  solvent  in  the  case 
of  hydrazines,  since  these  react  with  acetic  acid  to  form  the  corresponding 
hydrazides. 

/ 

CH3COOH  +  RNHNH2  — ►  CH3C — NHNHR 

The  symmetrical  disubstituted  hydrazines  (R — NHNH — RJ  may  not 
suffer  from  this  difficulty,  but  the  authors  have  never  attempted  titration 
of  these  disubstituted  compounds  in  glacial  acetic  acid.  Ketone  solvents 
must  also  be  avoided  for  the  titration  of  hydrazines  due  to  hydrazone 
formation. 

Hydrazines  can  also  be  readily  oxidized  using  iodine,  iodate,  periodate, 
or  cupric  ion.  The  oxidation  also  forms  the  basis  of  analysis.  Chapter  13 
concerns  the  determination  of  hydrazines,  mono-  and  disubstituted,  using 
reduction  via  titanous  chloride.  This  method  applies  to  a  wide  range  of 
hydrazines  but  suffers  from  a  lack  of  specificity.  As  Chapter  13  indicates, 

many  nitrogen-containing  functional  groups  interfere  (nitro,  nitroso,  azo, 
diazo  groups). 

Hydrazone  formation  with  carbonyl  compounds  can  also  be  used  to 
determine  hydrazines.  These  analytical  methods  are  mainly  colorimetric 
but  one  volumetric  method  does  exist  (1).  This  method  involves  titration 
of  the  hydrazine  with  0.2 N  benzaldehydesulfonic  acid.  The  end  point  is 
ollowed  by  spot  tests  on  filter  paper  to  which  an  indicator  is  added. 


TITRATION  WITH  ACIDS 

See  section  on  Amines  in  accordance  with  the  foregoing  discussion. 

*  Rj  can  be  H  atom. 

T  R  Meyer,  Z.  Anal.  Chem 140.  124-5  (1943) 
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OXIDATION  METHODS 

Oxidation  with  Iodine — Method  Described  by  Joseph  Rosin 

NH2NH2H2S04  +  2I2  +  6NaHCOs  — ► 

4NaI  +  Na2S04  +  6C02  +  6H20  +  N2 
RNHNH2H2S04  +  2I2  +  5NaHC03  — ► 

RI  +  3NaI  +  Na2S04  +  5C02  +  5H20  +  N2 

(Adapted  with  Permission  from  Reagent  Chemicals  and  Standards ;  D.  Van 
Nostrand,  New  York,  1939,  p.  194). 

REAGENTS 

Standard  iodine,  0.1N. 

Sodium  bicarbonate. 

Starch  indicator. 


PROCEDURE 

Dissolve  about  0.0005  to  0.001  mole  of  hydrazine  in  about  20  to  50  ml 
of  water.  Add  about  1  gram  of  sodium  bicarbonate  and  titrate  the 
solution  with  0.1N  iodine,  starch  being  used  as  an  indicator. 

Milliliters  of  I2  x  N  I2  x  mol,  wt.  of  hydrazine  x  100  =  %  hydrazine 
Grams  of  sample  x  4000 

The  procedure  above  was  described  only  for  the  determination  of 
hydrazine  sulfate.  It  was,  however,  found  to  work  rather  generally  for 

water-soluble  hydrazines. 


Oxidation  with  Iodate — Lnrec 
Pennman  and  L.  F.  Andrieth 


with  Iodate — Direct  Iodate  Method  Using  Solvent  Described  by  R.  A. 


[Anal.  Chem.,  20,  1058-61  (1948)] 

N2H4  +  KI03  +  2HC1  KC1  +  IC1  +  N2  +  3H..O 


Hydrazine  may  be  titrated  direcu 
presence  of  concentrated  hydrochl 
reaction  is  in  two  steps:  iodate  is 


is  first  reduced  to  I2,  then  the  latter  is 


Hydrazines  and  Hydrazides 

oxidized  by  additional  iodate  to  iodine  monochloride  (ICI).  The  normal¬ 
ity  of  the  acid  must  be  kept  between  3  and  5. 

A  suitable  aliquot  is  placed  in  a  glass-stoppered  flask  and  20%  more 
than  an  equal  volume  of  concentrated  hydrochloric  acid  is  added,  in 
addition  to  10  ml  of  carbon  tetrachloride.  Standard  N/10  iodate  is  added 
with  frequent  vigorous  shaking  until  the  aqueous  layer  changes  from 
brownish  to  yellowish.  Toward  the  end,  add  iodate  dropwise  and  shake 
after  each  addition  until  the  iodine  disappears  from  the  solvent  layer. 
Acid  normality  at  the  end  must  be  between  3  and  5: 

1  ml  of  N/ 1 0  KI03  =  0.0005  34  gram  of  N2H4 


Oxidation  with  Iodate — Direct  Iodate  Method  with  Internal  Indicator  Described 
by  R.  A.  Pennman  and  L.  F.  Andrieth 

[Anal.  Chem.,  20 ,  1058-61  (1948)] 

This  procedure  is  the  same  as  given  previously  except  that  a  water- 
soluble  dye  is  used  as  internal  indicator.  Either  Amaranth  or  Brilliant 
Ponceaux  5R  (British  Colour  Index  Numbers  184  and  185,  respectively), 
may  be  used.  National  Aniline  Company  produces  these  under  the  names 
Wool  Red-40F,  and  Brilliant  Scarlet,  3R.  Three  to  five  drops  of  0.2% 
aqueous  solution  is  sufficient  to  give  a  distinct  end  point  in  250  ml  of 
solution.  The  dyes  are  not  affected  by  hydrochloric  acid,  iodine,  or  iodine 
monochloride  under  conditions  of  the  titration,  but  they  are  readily 
destroyed  by  a  trace  of  iodate  in  3  to  5  N  hydrochloric  acid  at  tempera¬ 
tures  above  30°C.  Heat  of  dilution  of  the  acid  is  usually  sufficient  to 
produce  this  temperature.  Addition  of  the  indicator  is  delayed  until  the 
end  point  is  approached,  as  indicated  by  a  lighter  color.  Here  also,  1  ml  of 
N/10  KI03  =  0.000534  gram  N2H4. 

The  procedure  used  for  sampling  and  determining  anhydrous  hydrazine 
for  the  assay  is  as  follows. 

Tare  a  cold  weighing  bottle  containing  10  ml  of  water  before  adding  the 

sample.  (Cool  with  ice  water  to  18-25°C,  to  remove  the  heat  of  solution. 

Handling  the  weighing  bottle  or  allowing  the  temperature  to  rise  above 

25°C  will  affect  the  accuracy  of  the  results.)  Use  a  1-ml  pipet  that  has 

been  washed  with  water  and  methanol,  then  dried  with  dry  nitrogen  to 

withdraw  the  sample  (pipet  must  not  be  rinsed  with  hydrazine),  and  allow 

it  to  drain  into  the  weighing  bottle  with  its  tip  against  the  side  of  the 

bottle,  a  few  millimeters  above  the  water.  After  replacing  the  top  of  the 

ottle  mix  the  sample  and  water  by  gently  swirling  the  bottle.  (Take  care 

that  the  solution  does  not  touch  the  ground  glass.)  Reweigh  to  determine 
weight  of  sample. 
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Transfer  sample  carefully  to  a  250-ml  volumetric  flask  containing  about 
175  ml  of  water.  Dilute  to  250  ml.  Do  not  shake  flask  to  mix — just  invert 
flask  6  or  7  times,  slowly.  From  this  flask  take  a  5 -ml  aliquot,  add  to 
15  ml  of  water  in  a  250-ml  Erlenmeyer  flask,  then  add  30  ml  of  concen¬ 
trated  hydrochloric  acid  and  titrate  with  standard  iodate.  When  the  brown 
changes  to  a  light  yellow,  add  5  to  6  drops  of  National  Aniline  Wool 
Red-40F  indicator  and  shake  the  solution  vigorously  after  the  addition  of 
each  drop  of  iodate  solution.  The  red  color  of  the  solution  fades  through 
a  pink  and  changes  to  a  lemon  yellow.  This  is  the  end  point. 

The  method  above  was  published  for  the  analysis  of  hydrazine,  but  the 
authors  of  this  book  have  found  it  applicable  to  a  wide  range  of  aliphatic 
hydrazines  as  well.  Aromatic  hydrazines  have  not  been  tried  with  this 
method. 


Oxidation  with  Periodate — Adapted  from  A.  Berka  and  J.  Zyka 

[ Chem .  Listy,  50  (2),  314-6  (1956)] 

Potassium  periodate  is  used  for  oxidative  volumetric  determination  of 
the  following  hydrazine  derivatives:  hydrazide  of  isonicotinic  acid, 
phenylhydrazine,  semicarbazide,  thiosemicarbazide.  The  determination 
was  carried  out  in  hydrochloric  acid,  and  it  was  ascertained  that  the 
reduction  of  periodate  to  iodine  monochloride  proceeded  depending  on 
the  concentration  of  hydrochloric  acid  and  on  the  determination  charac¬ 
ter,  by  the  reaction 

I0j  +  6e  +  8H+  =  r  +  4H20  (D 


REAGENTS  AND  APPARATUS 

solut.on  OF  potass, UM  periodate,  0.01  M.  Prepare  from  pure  potassium 
metaperiodate,  and  determine  its  titer  iodometncally.  The  solutions  of  smaller 

molaritv  were  prepared  by  its  direct  dilution.  .  .  . 

Potentiometric  determinations  were  preformed  with  a  platinum  indicati  g 
ele«r“d  a  saturated  calomel  reference  electrode.  All  given  potentials  are 

versus  a  saturated  calomel  electrode. 


results 


I,  was  found  that  the  reaction  of  investigated  hydrazine  derivatives 
Hed  to  the  reduction  of  periodate  to  iodine  monochlonde  accord 
r„7,o  «,  1 « Z  titration  is  done  9N  hydrochloric  acid.  The.  3  moles 
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of  corresponding  derivative  reacts  with  2  moles  of  periodate.  For 
ohenylhydrazine  and  semicarbazide,  the  reaction  proceeds  quite  rapidly, 
and  the  values  of  potential  can  be  read  after  30  seconds;  for  t  e 
remaining  derivatives,  especially  those  of  low  concentrations,  the  reaction 
is  slower  and  the  potential  is  steady  after  2  to  5  minutes.  Total  volume^is 
about  40  ml.  Phenylhydrazine  must  be  dissolved  beforehand  in  96 /o 
ethanol  and  thiosemicarbazide  must  be  hydrolyzed  by  hydrochloric  acid. 
The  potential  of  the  inflection  point  lies  at  about  700  mV  for  hydrazide  of 
isonicotinic  acid,  670  mV  for  thiosemicarbazide,  680  mV  for  semicar¬ 
bazide,  and  550  mV  for  phenylhydrazine.  Results  for  some  organic  com¬ 
pounds  titrated  by  periodate  appear  in  Table  1. 


Oxidation  with  Cupric  Ion — Adapted  from  S.  Siggia  and  L.  J.  Lohr 


[Anal.  Chem.,  21,  1202  (1949)] 

The  procedure  described  here  has  a  higher  selectivity  than  the  forego¬ 
ing  oxidation  methods  because  a  product  of  the  reaction,  nitrogen,  is 
measured.  Many  organic  compounds  can  be  oxidized,  but  few  liberate 
nitrogen. 

In  this  determination,  the  aromatic  hydrazines  are  oxidized  to  the 
corresponding  diazonium  salt. 


NHNH2HC1 


cr 


heat 
- ► 


h2o 


OH 


+  N2  +  HC1 


The  diazonium  salt  is  then  decomposed  and  the  liberated  nitrogen  is 
measured.  The  apparatus  for  this  determination  is  the  same  as  that  used 
in  the  determination  of  diazonium  salts  (Fig.  15.1).  In  the  case  of  the 
aliphatic  hydrazines,  the  mechanism  may  be  the  same,  although  the 
diazonium  derivatives  are  not  known  (very  unstable).  In  any  event, 
nitrogen  is  liberated  by  both  aromatic  and  aliphatic  types. 


procedure 

Weigh  about  0.001  mole  of  hydrazine  into  the  reaction  flask  and  add  a 
bo.lmg  chtp.  Attach  the  reaction  flask  to  the  condenser,  using  grease  to 
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Table  1.  Titration  of  some  Organic  Compounds  by  Periodate 


Given, 

mg. 

Found, 

mg. 

Deviation, 

mg. 

Given, 

mg. 

Found, 

mg. 

Deviation, 

mg. 

Hydrazide  of  isonicotinic 

acid  (2.057)a 

Cysteine  hydrochloride  ( 1 1 .03) 

1.37 

1.35 

-0.02 

1.57 

1.49 

-0.08 

6.85 

6.58 

-0.27 

2.36 

2.31 

-0.05 

13.71 

13.47 

-0.24 

15.76 

15.44 

-0.32 

27.42 

26.94 

-0.48 

47.28 

47.99 

+0.71 

Phenylhydrazine  (1 .622)° 

Ascorbic  acid  (6.164)a,b 

(5.283)a,c 

1.37 

1.45 

-0.08 

0.88 

0.95 

+0.07 

4.11 

4.13 

-0.02 

1.76 

1.77 

+0.01 

13.72 

13.29 

-0.43 

17.61 

16.90 

-0.71 

27.44 

27.07 

-0.37 

35.22 

35.66 

+0.44 

Phenyl  hydrazine  chloride  (2. 1 68)a 

Hydroquinone  (3.854)a,? 

(3.303)a,c 

2.88 

2.60 

-0.28 

5.50 

5.61 

+0.11 

7.22 

6.93 

-0.29 

11.01 

10.70 

-0.22 

14.45 

13.86 

-0.59 

22.02 

22.13 

+0.11 

28.90 

27.74 

-1.16 

Semicarbazide  hydrochloride  (1.671  )a 

Thiourea  (6.088)a 

5.57 

5.68 

-0.11 

0.38 

0.41 

+0.03 

11.14 

11.11 

-0.03 

3.80 

3.95 

+0.15 

22.28 

21.97 

-0.31 

15.22 

15.22 

0 

22.83 

22.83 

0 

Thiosemicarbazide 

(1.367)a 

Thiosinamine  (9.288)a 

4  55 

4.50 

-0.05 

0.58 

0.65 

+0.07 

9.11 

18.22 

9.02 

18.03 

-0.09 

-0.19 

5.80 

11.61 

6.03 

12.07 

+0.23 

+0.46 

23.22 

23.22 

0 

b  Calculated  from  equation  I04 
c  Calculated  from  equation  IO+ 


I2. 

1+ 
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•  make  all  the  ground-glass  joints  gas-tight.  Through  the  separatory  funnel 
add  40  ml  of  saturated  copper  sulfate  solution,  followed  by  10  ml  ot 
concentrated  sulfuric  acid.  Begin  the  stream  of  carbon  dioxide  and  apply 
heat  to  the  reaction  vessel.  Bring  the  contents  of  the  reaction  flask  to 
boiling  and  continue  to  boil  until  the  reaction  is  complete,  which  is 
indicated  when  the  volume  of  nitrogen  ceases  to  increase.  The  gas  buret 
sometimes  becomes  warm  during  the  reaction  because  of  the  hot  gas 
bubbling  through  it.  Allow  the  solution  to  cool  to  room  temperature 
before  taking  the  reading,  or  else  the  temperature  recorded  on  the 
thermometer  will  be  considerably  lower  than  the  actual  temperature  of 
the  gas  and  the  50%  potassium  hydroxide.  This  can  cause  serious  errors. 
The  temperature  and  the  barometric  pressure  are  noted. 

As  in  the  procedure  for  determining  diazonium  salts,  correct  the 
volume  for  vapor  pressure  of  the  potassium  hydroxide  solution  and  the 
blank  for  the  carbon  dioxide  (see  p.  683). 


CALCULATIONS 

A  =  volume  for  nitrogen  (corrected  for  vapour  pressure  of  potassium 
hydroxide  solution  and  the  blank  for  the  carbon  dioxide  at  temper¬ 
ature  T) 

PA  _  A1  760 
T  +  273  ~  273 

1  x  / 

22  400  ~  A1  *  =  moles  °f  nitrogen  collected) 

x  x  mol,  wt.  of  hydrazine  x  100 

Grams  of  sample  ^  hydrazine 

A 1  =  volume  calculated  to  normal  temperature  and  pressure 
This  method  is  reproducible  to  better  than  ±2%.  It  was  tested  by  using 
phenylhydrazine,  2,4-dinitrophenylhydrazine,  tolylhydrazine,  and  unsym- 
metrical  dimethyl  hydrazine. 


REDUCTION  METHOD 

See  Chapter  13  (pp.  654-7)  on  reductions  using  titanous  chloride. 
TRACE  QUANTITIES  OF  HYDRAZINES 

2  4Tlur!:rC,rVTth0d  f?r  de,ermininS  c^°nyl  compounds  using 
2,4-dinitrophenyl  hydrazine  (pp.  148-52)  can  be  turned  around,  and 
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hydrazines  can  be  measured  by  adding  a  carbonyl  compound.  The 
chromatographic  adsorption  systems  mentioned  earlier  (pp.  151-2)  also 
apply  here  for  concentrating  or  isolating  the  resultant  hydrazones.  The 
authors  of  this  book  have  found  cinnamaldehyde  to  be  a  useful  reagent 
for  forming  hydrazones  from  hydrazines.  But  other  aldehydes  containing 
chromophoric  groups  can  be  used,  such  as  p-dimethylamino  benzal- 
dehyde  and  the  nitro  benzaldehydes.  If  water  solubility  is  desired,  sulfo- 
nated  aromatic  aldehydes  such  as  benzaldehyde  p-sulfonic  acid  can  be 
chosen.  Also,  salicylaldehyde  can  be  used  in  such  cases. 


O 

Hydrazides  (RCNHNHR!) 


These  compounds  can,  in  many  cases,  be  determined  much  like  hyd¬ 
razines. 

The  hydrazides  of  the  preceding  structure,  where  Rx  is  a  hydrogen 
atom  or  an  alkyl  group,  can  generally  be  titrated  as  bases,  although  their 
basicity  is  much  lower  than  that  of  the  hydrazines.  The  relationship  in 
basicity  between  hydrazide  and  hydrazine  is  much  the  same  as  between 
amide  and  amine.  The  acid-base  titrations  for  amides  (pp.  183-208)  can 
generally  be  applied  to  hydrazides;  however  the  analyst  should  be  wary  of 
the  acetic  anhydride  solvent  for  determining  hydrazides  of  the  type 


O 


RCNHNR,,  since  the  unsubstituted  end  of  the  hydrazine  may  sometimes 
acetylate  (primary  amides  do  not  acetylate  at  all).  The  glycol  solvents 
mentioned  for  amines  (p.  546)  can  often  be  used,  and  the  glacial  acetic 
acid  system  for  amines  (pp.  545-6)  should  also  apply.  The  symmetr.cal 
diacvl  hydrazines  are  generally  not  basic  enough  to  titrate. 

Hydrazones  formed  by  the  action  of  dichlorobenzaldehyde  on  primary 
acid  hydrazides  (RCONHNH2)  are  acidic  and  can  be  titrated  in  pyridine 
with  tetrabutylammonium  hydroxide.  Symmetrical  secondary  hydrazides 
(RCONHNHCOR)  are  acidic  and  can  be  titrated  directly  in  basic  so  v 

*  ■<*  f  7,; 

fnr  hvdrazines  No  one  has  reported  the  use  of  iodine  or  .odate  for 
,  "  bc  another  acy,  group,  an  alkyl  group;  or  a  hydrogen  alonr. 
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Table  1).  The  cupric  sulfate  oxidation  (pp.  671-73)  for  hydrazines  has  also 
been  successfully  applied  to  hydrazides  even  of  the  diacyl  type_ 

In  some  stubborn  cases,  one  can  try  the  acid  hydrolysis  of  the  hydrazide 

to  liberate  the  corresponding  hydrazine 


O 

RCNHNHRj  +  H,0  RCOOH  +  RjNHNHj 


The  liberated  hydrazine  might  then  be  determined  oxidatively  by  the 
above  methods. 

The  titanous  reduction  method  for  hydrazines  can  also  be  applied  to 
hydrazides  with  essentially  no  changes. 


FORMATION  AND  TITRATION  OF  ACIDIC  HYDRAZONES  WITH  2,4- 
DICHLOROBENZALDEHYDE 

Adapted  from  the  Method  of  A.  A.  Latour,  E.  J.  Kuchar,  and  S.  Siggia 

[Anal.  Chem.,  36,  2479  (1964)] 

Primary  hydrazides  (RCONHNH2,  where  R  may  be  an  alkyl  or  aryl 
group),  and  2,4-dichlorobenzaldehyde  react  to  form  the  hydrazone, 


Cl 


which  is  subsequently  titrated  as  an  acid  in  pyridine  with  tetrabutylam- 
monium  hydroxide.  4- Amino- 1,2, 4-triazole  types  do  not  interfere.  Sym¬ 
metrical  secondary  impurities  titrate  at  the  same  potential  as  the  acid 
hydrazones  and  will  cause  high  primary  assay  results  if  no  corrections  are 
made.  The  symmetrical  secondary  hydrazide  content  can  be  determined 
by  a  separate  titration  in  aniline,  however,  and  a  correction  applied  to  the 
hydrazone  titration. 


reagents 


;Ejr"r7,LAMMONIUM  HYDROXIDE  <tbaoh).  Dilute  100  ml  of  1M  methanolic 
TBAOH  (Southwestern  Analytical  Chemicals,  Austin,  Texas)  to  2  liters  with 
reagent  grade  benzene.  Standardize  by  titration  against  benzoic  acid  in  pyridine 
2,4-dichlorobenzaldehyde  (2,4-dcba)-o-chlorobenzo.c  aod  (o-cba) 
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solution.  Dilute  22  ±1  grams  of  2,4-DCBA  (Eastman  Kodak  Practical  Grade) 
in  100  ml  of  toluene.  Transfer  to  a  separatory  funnel  and  extract  the  acidic 
impurity  with  50  ml  of  2%  aqueous  potassium  carbonate.  Use  phenolphthalein  to 
indicate  the  presence  of  excess  carbonate.  Wash  the  toluene  phase  with  three 
50-ml  portions  of  distilled  water.  Filter  the  toluene  phase  through  cotton  in  a  60° 
funnel  into  a  500-ml  volumetric  flask.  Dissolve  1.6  ±0.1  grams  of  o-CBA 
(Matheson,  Coleman,  and  Bell)  in  this  solution  and  dilute  to  the  mark  with 
toluene. 

aniline  solution.  Add  25  ml  of  Eastman  White  Label  aniline  to  25  ml  of 
toluene. 


APPARATUS 

Precision-Dow  Recordomatic  Titrator  or  a  pH  meter  with  a  glass-calomel 
electrode  system.  The  calomel  electrode  was  of  the  fiber  type  and  was  filled  with  a 
0.1M  methanolic  tetrabutylammonium  bromide  solution.  A  sleeve-type  calomel 
electrode  was  also  used,  in  which  the  electrolyte  was  potassium  chloride  in 

methanol. 


PROCEDURE 

DETERMINATION  OF  PRIMARY  AND  SECONDARY  SYMMETRICAL 

hydrazides.  Weigh  between  0.6  and  1.0  meq.  of  sample  in  a 
1 50-ml  beaker.  Add  25  ml  of  toluene  from  a  graduate  and  add  by  pipet 
10.0  ml  of  2,4-DCBA-o-CBA  solution;  cover  with  a  watch  glass  and  boil 
gently  on  low  heat  to  a  volume  of  about  10  to  15  ml.  Then  pipet  1  ml  of 
50%  aniline  solution,  add  10  ml  of  toluene  by  graduate,  and  boil  to  about 
10  to  15  ml.  Cool,  add  50  ml  of  pyridine,  and  titrate  with  the  0.05N 
TBAOH  using  the  automatic  titrator.  The  first  potentiometric  inflection  is 
due  to  o-chlorobenzoic  acid.  This  inflection  occurs  around  400  to 
500  mV  The  last  inflection  is  due  to  hydrazone  and  any  secondary 
hydrazide  that  may  be  present.  This  end  point  occurs  around  850  mV. 
Take  the  blank  through  the  same  procedure,  omitting  only  the  sample. 


CALCULATION 

Milliequivalents  per  gram,  primary  +  secondary  hydrazide 

Sample  meq.  minus  blank  meq. 

Gram  of  sample 
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determination  of  symmetrical  secondary  hydrazides.  Weigh  between 
1  and  2  grams  of  sample  into  a  250-ml  beaker.  Add  100  ml  of  aniline  and 
dissolve.  Heat  (low  heat  and  in  a  hood),  if  necessary  to  dissolve,  ta  mg 
care  to  prevent  carbon  dioxide  absorption.  If  the  sample  is  not  readily 
soluble  in  aniline,  a  solvent  mixture  of  1 : 1  isopropanol-toluene  can  be 
used  to  dissolve  the  sample  and  the  aniline  then  added.  Titrate  using  the 
automatic  titrator  with  0.05 N  TBAOH.  Any  secondary  hydrazide  should 
titrate  between  400  and  700  mV.  Titrate  a  blank  of  the  reagents  along 
with  the  sample. 

CALCULATIONS 

Milliequivalents  per  gram  of  secondary  hydrazide 

Sample  meq.  minus  blank  meq. 
Grams  of  sample 

%  Primary  hydrazide  = 

[(meq. /gram  of  primary  +  secondary)  minus  meq.  of  secondary] 

x  meq.  wt.  x  100 


DISCUSSION  AND  RESULTS 

The  procedure  for  secondary  hydrazide  content  was  tested  on  synthetic 
mixtures  of  primary  and  secondary  stearic  hydrazide  and  benzhydrazide. 
These  data  are  presented  in  Table  2,  along  with  recovery  data  obtained 


Table  2.  Analysis  of  Synthetic  Mixtures  of  Primary  and 

Secondary  Hydrazides 


Hydrazide 

Added,  % 

Found, % 

Distearic  hydrazide 

11.9 

11.4 

16.7 

16.8 

12.3 

12.6 

10.5 

10.8 

Stearic  hydrazide 

79.9 

79.1 

80.0 

79.5 

79.1 

79.2 

80.0 

80.2 

Dibenzhydrazide 

10.4 

10.4 

14.2 

14.1 

19.6 

19.5 

23.1 

23.1 

Benzhydrazide 

82.4 

82.5 

72.6 

73.0 
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for  the  primary  hydrazide  in  the  presence  of  the  secondary.  Pyridine  and 
aniline  were  used  as  the  solvents  in  the  titration  of  distearic  hydrazide  in 
the  presence  of  primary  stearic  hydrazide;  however  aniline  was  required 
as  the  solvent  for  the  other  hydrazides  tested  because  high  and  erratic 
results  for  the  secondary  hydrazide  were  obtained  on  synthetic  mixtures 
when  pyridine  was  used. 

The  data  in  Table  3  were  obtained  with  the  outlined  procedure  and 
have  been  corrected  for  any  symmetrical  hydrazide.  Solubility  problems 
arose  with  several  compounds.  The  phthalic  hydrazides  are  not  soluble  in 
hot  toluene,  but  they  are  soluble  in  a  solution  of  hot  isopropanol-toluene. 
Isopropanol  can  be  added  to  dissolve  the  sample  without  adverse  effect. 
Carbohydrazide  and  thiocarbohydrazide  were  dissolved  in  a  minimum  of 
water  (about  25  ml),  isopropanol  was  added,  and  then  toluene.  The 
mixture  was  then  heated  to  boiling,  and  additional  toluene  was  added 
until  there  was  no  evidence  of  water,  as  shown  by  the  absence  of  two 
phases.  Prolonged  heating  (up  to  30  minutes)  at  the  temperature  of 
boiling  toluene  does  not  affect  the  hydrazone.  Although  the  hydrazino 
groups  of  carbohydrazide  and  the  aldehyde  react,  the  resulting  hydrazone 
titrates  as  a  monofunctional  compound,  that  is,  1  equivalent  per  mole. 
The  primary  dihydrazides  tested  titrated  as  difunctional  compounds,  with 


Table  3.  Primary  Acid  Hydrazide  Content  of  Aliphatic  and  Aromatic 

Hydrazides 


Compound 


Primary  Hydrazide,0  % 


Acetic  hydrazide 
Benzhydrazide 

Cyclopropanecarboxylic  hydrazide 
Carbohydrazide 
2-Hydrazinobenzothiazole 
Isonicotinic  acid  hydrazide 
Isophthalic  dihydrazide 
Laurie  hydrazide 

Monomethylterephthalic  hydrazide 

m-Nitrobenzhydrazide 

Propionic  hydrazide 

Salicylhydrazide 

Stearic  hydrazide 

Terephthalic  hydrazide 

Thiocarbohydrazide 

«  Average  of  at  least  three  determinations. 


100.1 

100.0 

99.2 
100.5 

97.6 

94.0 

100.0 

100.8 

88.4 
100.5 

87.4 

99.5 

99.3 

99.9 

97.9 
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two  inflections  observed.  As  expected,  the  aromatic  hydrazides  form 
stronger  acid  hydrazones  than  do  the  aliphatic  ones.  In  fact,  the  aromatic 
primary  hydrazides  are  titratable  as  is,  in  pyridine;  however  side  reactions 

occur  and  prevent  direct  determination  in  this  way.  *  . 

The  standard  deviation  for  this  method  is  0.69% ;  it  was  obtained  by 

analyzing  recrystallized  benzhydrazide. 


15 

Diazonium  Salts 


Diazonium  compounds  can  be  determined  in  several  ways.  These  com¬ 
pounds  will  couple  with  phenols  under  alkaline  conditions  (see  pp.  62-66 
for  equation).  In  addition,  diazonium  compounds  decompose  readily, 
yielding  stoichiometric  quantities  of  nitrogen  that  can  be  collected  and 
measured  volumetrically.  Diazo  compounds  also  can  be  quantitatively 
reduced  with  titanous  chloride. 

Decomposition  followed  by  nitrogen  collection  is  the  most  generally 
applicable  method;  it  applies  to  a  very  wide  range  of  diazonium  com¬ 
pounds.  The  authors  have  never  found  a  diazo  compound  that  was  not 
determinable  by  this  method.  The  decomposition  method  also  has  a  high 
selectivity,  since  few  compounds  decompose  under  the  conditions  of  the 
decomposition  reaction  to  liberate  a  gas.  The  accuracy  and  precision  of 
this  method  are  also  generally  the  highest  of  the  three  approaches 

described,  being  in  the  order  of  ±1%. 

The  decomposition  method  also  has  an  advantage  in  the  low  ranges  of 
concentrations  of  diazos,  since  it  is  a  gasometric  method.  A  small  quantity 
of  diazo  will  yield  a  fairly  large  volume  of  nitrogen  (1  mM  of  diazo  yields 


22.4  ml  of  nitrogen). 

The  coupling  method  also  enjoys  a  high  selectivity  because  few  other 
materials  couple  with  phenols  or  active  methylene  compounds  (see  pp. 
62—66  for  equation).  The  coupling  methods  are  not  the  simplest  to  carry 
out,  however,  and  experience  is  needed  to  accurately  ascertain  the  end 
point.  Because  of  the  end  point  observation  problem,  the  accuracy  and 
precision  of  the  coupling  method  are  generally  lower  than  for  the  decom¬ 
position  method.  The  accuracy  and  precision  values  vary  with  the  specihc 
diazo,  since  the  rates  of  coupling  vary;  this  variation  determines  the 
accuracy  of  end  point  detection.  The  faster-reacting  diazos  yield  the 

sharpest  end  points.  .  ,  • 

The  titanous  chloride  reduction  method  is  the  least  specific,  since  this 

reagent  reduces  almost  all  nitrogen  functional  groups  except  amines  and 
amides.  If  a  laboratory  is  equipped  for  titanous  chloride  titrations  how- 
ever,  and  has  systems  to  analyze  for  diazonium  compounds  to  which  the 
method  can  be  applied,  this  titration  is  quite  rapid. 

Traces  of  diazonium  salts  are  easily  determined  because  the  coupling 
products  with  phenols  and  naphthols  are  highly  colored  and  are  read  y 
amenable  to  colorimetric  measurement. 


680 


Diazonium  Salts 


681 


Nitrogen  Evolution  Measurement 


cr 


CuCl  +  HCl 

h2o 


OH 


+  N2  +  HC1 


apparatus 

In  the  apparatus  illustrated  in  Fig.  15.1,  A  is  a  25-ml  separatory  funnel,  B,  a 
100-ml  nitrometer  containing  50%  potassium  hydroxide;  C,  a  10-mm  tubing,  D,  a 
2-mm  capillary;  G,  a  5-in.  condenser;  H,  a  bubbler;  I ,  a  thermometer;  and  J,  a 

150-ml  flask. 


Fig.  15.1.  Diazo  nitrogen  apparatus. 
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REAGENTS 

Cuprous  chloride. 

Concentrated  hydrochloric  acid. 


PROCEDURE 


In  about  15  ml  of  concentrated  hydrochloric  acid,  dissolve  3  grams  of 
cuprous  chloride  and  place  the  resultant  solution  in  the  separatory  funnel 
A.  Weigh  a  sample  containing  about  0.001  mole  of  diazonium  salt  into 
the  reaction  flask.  Attach  the  flask  to  the  condenser,  all  joints  being 
greased  to  prevent  leakage.  The  nitrometer  B  contains  potassium  hydrox¬ 
ide  solution  (71.5  grams  of  potassium  hydroxide  per  100  ml  of  water)  and 
a  layer  of  mercury  at  the  bottom.  The  level  of  the  mercury  extends  about 
one-half  inch  above  the  entrance  tube.  The  function  of  the  mercury  is  to 
prevent  clogging  of  the  capillary  D  with  potassium  carbonate.  Pass 
carbon  dioxide  through  the  apparatus  to  flush  out  the  air,  and  continue 
until  the  bubbles  reach  a  minimum  size  in  the  nitrometer.  These  minute 
bubbles  are  indicative  of  the  potassium  hydroxide-insoluble  impurities 
contained  in  the  carbon  dioxide.  Make  a  blank  run  on  each  cylinder  of 
carbon  dioxide  to  correct  the  volume  readings  for  each  sample. 

Make  the  blank  determination  as  follows.  When  all  the  air  is  swept  out 


of  the  apparatus,  remove  the  accumulated  inert  gas  from  the  nitrometer, 
count  the  number  of  bubbles  of  carbon  dioxide  per  minute  (2  bubbles  per 
second  is  a  convenient  rate),  and  note  the  time.  Every  15  minutes,  read 
the  nitrometer  to  obtain  the  volume  of  inert  gas  collected  in  the  period. 
This  is  done  over  a  period  of  2  to  3  hours.  Take  the  average  for  the 
volume  of  inert  gas  collected  per  15  minutes  at  that  particular  rate  of 
flow.  When  a  sample  is  analyzed,  feed  the  carbon  dioxide  in  at  the  same 
rate  as  for  the  blank.  Note  the  time  required  for  the  sample  to  react 
completely,  compute  the  carbon  dioxide  blank  for  that  length  of  time,  and 
subtract  it  from  the  volume  recorded  in  the  nitrometer.  This  correction  is 
usually  small,  but  it  is  significant.  Large  blanks  resulting  from  impure 
carbon  dioxide  decrease  the  accuracy  of  the  results. 

In  an  actual  determination  the  air  is  swept  out  of  the  apparatus  as 
previously  described.  The  inert  gas  is  removed  from  the  nitrometer  and 
the  solution  of  cuprous  chloride  in  hydrochloric  acid  is  allowed  to  flow 
from  the  separatory  funnel  A  into  the  reaction  flask  J  which >  ** 

sample  and  the  time  is  noted.  The  cuprous  chloride  is  followed  by  50  to 
75  ml  of  water  no  air  being  allowed  to  enter  the  apparatus.  The  reaction 
flask  is  heated  to  boiling  and  is  kept  at  that  temperature  until  the  reaction 
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h  comnlete  as  indicated  by  the  bubbles  in  the  nitrometer  reaching  their 

minimum  s.’ze.  The  heat  is  shut  off,  and  the  appa ratUS  ’S  "'^‘dijxide 
for  5  to  10  minutes  to  reach  temperature  equilibrium.  The  carbon  dioxide 

flow  is  continued  throughout  this  period  of  standing^ The  volume  of  g 
collected  is  read,  the  leveling  bulb  on  the  nitrometer  being  used  to  set  the 
pressure  of  the  gas  in  the  nitrometer  equal  to  atmospheric  pressure.  T  e 
temperature  is  read  on  thermometer  I,  and  the  barometric  pressure  and 
the  time  are  noted.  The  volume  of  gas  collected  is  corrected  for  the  blank 
determination  made  on  the  carbon  dioxide,  the  time  required  for  the 
reaction  being  taken  into  account.  The  volume  is  also  corrected  for  the 
vapor  pressure  of  the  potassium  hydroxide  solution  using  values  from 

Table  1. 


Table  1.  Vapor  Pressure  of  Potassium 
Hydroxide  Solutions  Containing  71.5  grams  of  Potassium 
Hydroxide  per  100  grams  of  Water 
(International  Critical  Tables) 


T  C 

mm.  Hg 

15 

4.1 

20 

5.6 

25 

7.4 

30 

9.6 

35 

12.7 

CALCULATIONS 

A  =  volume  of  gas,  corrected  for  carbon  dioxide  blank 

P  =  atmospheric  pressure  minus  vapor  pressure  of  the  50%  potassium 
hydroxide  solution 

T=  temperature  recorded  at  the  end  of  analysis 

AP  A,  760 
T  +  273  ~~  273 

Aj  =  volume  calculated  to  normal  temperature  and  pressure 
1  x 

22  400  ~A~  *  ~  mo*es  nitrogen  collected) 

xx  mol,  wt.  of  diazonium  compound  x  100 

Grams  of  sample  =  °/o  diazonium  compound 
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The  determination  is  accurate  and  precise  to  better  than  ±1%.  The 
apparatus  is  very  simple  to  operate  and  to  clean.  The  time  required  for 
each  analysis  varies,  depending  on  the  stability  of  the  particular 
diazonium  salt  being  determined.  However  samples  requiring  more  than 
an  hour  are  rare.  The  compounds  that  follow  were  used  to  test  this 
procedure:  benzenediazonium  chloride;  and  the  following  zinc  chloride 
salts:  p-dimethylaminobenzenediazonium  salt,  p-diphenylamine- 

diazonium  salt,  and  p-diethylaminobenzenediazonium  salt. 

This  method  is  suitable  for  determining  hydrazines,  which  are  first 
oxidized  to  diazonium  salts,  then  determined  as  described  previously  (pp. 
671-673). 


Coupling  Method 


O 


CH, 


O 

II XX 

C— N 


/  \n=n 

/ 

cr + h2c 

->  \n=n— cfC 

_  \  —  / 

C=N  C=N 

+  HC1 


CH 


/  \ 


N=N 


NH- 


NH- 


In  this  method,  the  procedure  is  identical  with  that  used  to  standardize 
the  diazonium  solutions  in  the  section  on  coupling  procedures  (pp.  62-66). 
In  that  section  an  aliquot  of  standard  coupling  agent  is  titrated  with  the 
unknown  diazonium  compound  as  a  means  of  standardizing  the  dia¬ 
zonium  solution.  In  this  case  the  diazonium  standard  is  known,  and  the 
ratio  of  coupler  solution  to  diazonium  solution  is  also  known.  An  aliquo 
containing  excess  coupling  agent  is  added  to  a  water  solution  containing 
the  weighed  amount  of  unknown  diazonium  salt.  The  required  amoun 
acetic  acid-sodium  acetate  buffer  is  added.  The  excess  coupler  is  than 
titrated  with  the  standard  diazonium  solution.  Full  details  can  be  obtaine 

in  Chapter  1. 
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Reduction  Method  Using  Titanous  Chloride 

This  method  was  described  in  detail  earlier  (pp.  654-657).  The  reduction 
generally  proceeds  past  the  hydrazine  stage  to  the  corresponding  amines. 
Hence  one  mole  of  diazo  generally  consumes  6  equivalents  of  titanous 

ion. 


Determination  of  Traces  of  Diazonium  Compounds 


Traces  of  diazonium  compounds  can  be  readily  detected  by  coupling 
with  phenols  or  naphthols.  The  approach  is  very  sensitive,  often  extend¬ 
ing  to  the  tenths  of  1  ppm  range,  and  since  the  coupling  reaction  is  very 
specific,  the  test  is  quite  selective. 

The  method  shown  below  is  based  on  the  chemistry  of  the  coupling 
reaction  and  the  solubility  of  the  resultant  dyes.  It  was  used  for  many 
years  in  the  laboratory  of  S.  Siggia  to  determine  diazonium  compounds 
on  paper  for  duplicating  processes  utilizing  diazo  salts.  The  method  is 
written  to  cover  a  range  of  possible  situations  and  to  deal  with  as  wide  a 
range  of  compounds  as  possible. 


REAGENTS 

COUPLING  REAGENTS 

Aqueous  R-salt  solution  (2-naphthol-3,6  disodium  sulfonate),  1%. 
Naphthol  in  acetone,  1%. 

Aqueous  phloroglucinol  solution  (1,3,5,  trihydroxybenzene),  0.5%. 

ALKALINE  AGENTS 

Aqueous  sodium  bicarbonate,  5%. 

Aqueous  sodium  carbonate,  5%. 

Aqueous  or  alcoholic  sodium  hydroxide,  5%. 

Aqueous  or  alcoholic  sodium  acetate,  5%. 


PROCEDURE 

The  diazonium  compounds  are  generally  water  soluble,  hence  aqueous 
systems  can  be  used.  Occasionally,  however,  alcohol  has  to  be  used  to 
dissolve  the  sample  containing  the  diazo.  Sometimes  a  diazo  may  be 
found  that  is  only  alcohol  soluble.  Other  solvents  might  be  used,  but 
usually  water  or  alcohol  must  be  added  because  the  alkaline  agents  shown 
previously  are  soluble  either  only  in  water  or  in  both  water  and  alcohol. 
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AQUEOUS  SYSTEMS 

In  aqueous  systems  R-salt  can  be  used  as  coupler.  An  adequate  amount 
of  coupling  agent  is  added  to  react  with  all  the  diazo  in  the  sample.  Then 
an  adequate  amount  of  sodium  bicarbonate  or  sodium  acetate  solution  is 
added  to  fully  develop  the  color.  Color  development  is  usually  quite 
rapid,  and  5  to  10  minutes’  standing  at  room  temperature  is  usually 
sufficient  for  complete  reaction.  The  resultant  dyes  are  generally  water 
soluble;  hence  no  precipitates  form.  The  resultant  colors  are  generally  red 
and  can  be  measured  optically  or  spectrophotometrically  in  the  standard 
manner. 

Some  diazo  compounds  couple  rather  slowly  at  the  pH  values  resulting 
from  sodium  bicarbonate  or  sodium  acetate  (pH  7-8.5).  In  these  cases, 
sodium  carbonate  can  be  used  (pH  7-10).  Sodium  hydroxide  results  in 
still  faster  reactions,  since  it  can  yield  a  pH  above  10.  It  should  only  be 
used  as  a  last  resort,  however,  since  sodium  hydroxide  causes  decomposi¬ 
tion  of  the  diazo  to  the  corresponding  phenol,  liberating  nitrogen.  The 
decomposition  is  generally,  but  not  always,  slow  enough  to  permit  coup¬ 
ling  before  any  significant  amount  of  diazo  is  lost.  Sodium  carbonate  can 
also  cause  some  decomposition,  but  the  rate  is  much  slower  than  with 
caustic.  Decomposition  with  sodium  bicarbonate  or  acetate  is  very  slow. 
Hence  coupling  rate  has  to  be  evaluated  versus  decomposition  rate  of  the 
diazonium  salt  for  the  particular  system  at  hand. 

For  aqueous  systems,  the  R-salt  couple  is  desired  because  of  its 
solubility.  But  R-salt  is  not  the  most  desirable  from  the  standpoint  of 
sensitivity.  The  phloroglucinol  and  naphthol  generally  produce  deeper 
colors,  hence  are  the  best  selections  for  detecting  the  smaller  quantities  of 
diazonium  compounds.  Both  the  latter  couplers  generally  result  in  water- 
insoluble  dyes.  However  the  coupling  reaction  can  be  carried  out  as 
described  earlier  for  R-salt,  and  the  resultant  dye  can  be  extracted  into 
benzene,  petroleum  ether,  or  carbon  tetrachloride  with  the  colorimetric 
determination  made  on  the  organic  layer.  Some  of  the  naphthol  or 
phloroglucinol  dyes  can  be  dissolved  by  adding  sodium  hydroxide  to  the 
system  (after  coupling  to  prevent  decomposition  of  the  diazo)  The  caustic 
forms  the  corresponding  salt  of  the  phenolic  groups  on  the  dye  and 
renders  them  water  soluble.  Colorimetric  analysis  can  then  be  made 

directly  on  the  aqueous  solution. 


ALCOHOLIC  SYSTEMS 


In  alcoholic  systems,  the  sample  is 
phloroglucinol  or  naphthol  is  used  as 


dissolved  in  alcohol,  and  either 
coupler.  Only  alcoholic  sodium 


Diazonium  Salts 


687 


acetate  or  alcoholic  sodium  hydroxide  can  be  used  as  the  alkaline  agent 
In  general,  the  resultant  dyes  remain  dissolved  unless  large  amounts  o 
diazo  are  present,  in  which  case  the  dye  may  precipitate  out  of  solution. 
The  colors  are  generally  red,  purple,  or  brown  and  can  readily  be 
measured  by  optical  or  spectrophotometric  means. 


Mixtures  of  Diazonium  Compounds 

Mixtures  of  diazonium  compounds  can  be  analyzed  utilizing  the  differ¬ 
ences  in  their  rates  of  decomposition.  The  sample  mixture  is  decomposed 
as  indicated  in  the  nitrogen  evolution  method  above.  The  rate  of  nitrogen 
evolution  is  measured.  The  results  are  plotted  and  evaluated  as  shown  in 
Chapter  25  (pp.  848-50).  Full  details  and  experimental  results  on  mixtures 
of  known  diazonium  salts  are  also  given  in  Chapter  25  (pp.  847-50). 


16 

Quaternary  Ammonium  Compounds 


Hydroxides 

Quaternary  ammonium  hydroxides  are  very  strong  bases,  of  the  same 
order  of  basicity  as  sodium  or  potassium  hydroxide.  Hence  these  com¬ 
pounds  are  very  readily  titrated  with  standard  acid  by  using  indicators. 
The  common  contaminates  in  these  hydroxides  are  the  tertiary  amines 
used  to  synthesize  either  the  quaternary  or  the  tertiary  amine  decomposi¬ 
tion  products.  These  amines  are  less  basic  than  the  hydroxide  and  can  be 
titrated  separately.  In  most  solvents,  two  distinct  end  points  are  obtained, 
one  for  the  quaternary  and  one  for  the  tertiary  base  (see  p.  534  for  a 
discussion  of  resolution  of  basic  compounds  when  titrating  in  the  various 
available  solvents). 


Salts 

As  for  any  strong  base,  the  quaternary  ammonium  salts  of  weak  acids 
such  as  acetic  acid  are  weakly  basic  and  can  be  titrated  as  bases  in  the 
systems  shown  earlier  (pp.  534-58)  for  determining  carboxylic  acid  salts 
of  the  alkali  metals. 

The  quaternary  salts  of  the  mineral  acids  are  neutral  and  cannot  be 
titrated  as  either  acids  or  bases.  However,  many  quaternary  salts  contain 
a  fairly  hydrophobic  cation,  for  example,  cetyl  pyridinium  bromide, 
tetrabutyl  ammonium  chloride,  or  cetyl  trimethyl  ammonium  chloride. 
These  can  be  determined  titrimetrically  using  alkyl  or  aryl  sulfates  or 
sulfonates.  This  procedure  is  described  in  the  section  dealing  with  sulfo¬ 
nates  (pp  803-6).  For  sulfonates,  a  quaternary  is  used  as  titrant.  to 
determine  unknown  quaternary  salts,  a  known  alkyl  or  aryl  sulfate  or 
sulfonate  is  used.  Since  there  are  no  such  sulfates  or  sulfonates  that  are 
primary  standards,  a  practical  form  of  these  salts  must  be  used  an 
standardized  by  the  Hyamine  method  (pp.  803-6).  Two  ^ch  c°mpou 
that  perform  well  for  determining  quaternaries  are  nonyl  phenoxy 
polUoT ionium  sulfate^mol.  wt.  504,  Alipal  CO  436)  and  oleyl 

methyl  tauride  (Igepon  T-77).* 

*  Both  these  compounds  are  obtainable  from  Antara  Chem.cals,  435  Hudson  St.,  New 
York,  N.Y. 
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This  organic  sulfate  or  sulfonate  titration  is  quite  selective  for  quater- 
naries  but  is  limited  to  quaternary  salts  with  a  fairly  hydrophobic  cation, 
as  indicated  earlier.  Also,  the  titration  end  points  (p.  806)  are  not  a  ways 

as  sharp  as  is  desirable. 

Quaternary  halides  can  also  be  measured  by  reacting  them  with  mer¬ 
curic  acetate.  The  mercuric  ion  complexes  the  halide  ion,  forming  the 
quaternary  acetate,  which  is  basic  and  can  be  titrated  in  nonaqueous 
media.  The  mercuric  acetate  method  has  sharp  end  points  and  conse¬ 
quently  a  high  accuracy  and  precision  (generally  better  than  ±1  /o).  The 
method  is  not  as  specific  as  the  preceding  method,  however;  any  halide 
salt  that  yields  a  basic  acetate  salt  will  interfere  (i.e.,  sodium  and  potas¬ 
sium  halides  are  interferences). 


Titration  Method  Using  Organic  Sulfates  or  Sulfonates 

This  procedure  is  the  same  as  that  given  in  Chapter  22  (pp.  803—6) 
except  that  the  quaternary  salt  is  the  unknown  and  the  sulfate  or 
sulfonate  is  the  known.  The  details  were  outlined  earlier. 


Mercuric  Acetate  Method — Adapted  from  C.  W.  Pifer  and  E.  G.  Wolfish 

« 

[Anal.  Chem.,  24,  300-6  {1952)] 

REAGENTS 

PERCHLORIC  ACID  IN  DIOXANE  OR  GLACIAL  ACETIC  ACID,  0.1N.  Dissolve  8.4  ml 

of  70  to  72%  perchloric  acid  in  1  liter  of  solvent.  Both  the  dioxane  and  the  acetic 
acid  solution  can  be  standardized  with  potassium  acid  phthalate  in  glacial  acetic 
acid  solution. 

Glacial  acetic  acid,  CP. 

mercuric  acetate  reagent.  Dissolve  6  grams  of  CP  mercuric  acetate  in 
100  ml  of  hot  glacial  acid,  and  cool  the  solution. 


PROCEDURE 


Dissolve  a  sample  containing  about  0.003  equivalent  of  quaternary  salt 
in  about  150  ml  of  glacial  acetic  acid.  If  the  quaternary  is  of  the  weakly 
basic  variety  (not  a  halide),  titrate  it  directly  with  the  standard  perchloric 
acid  solution.  If  the  quaternary  salt  is  a  halide,  add  mercuric  acetate 
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solution  so  that  no  more  than  2  moles  of  mercuric  acetate  is  present  per 
mole  of  quaternary;  yet  enough  should  be  present  to  complete  conversion 
of  the  quaternary  halide  to  the  acetate  (1  mole  of  mercuric  acetate  can 
yield  2  quaternary  acetates).  Usually  10  ml  of  mercuric  acetate  solution  is 
sufficient  for  samples  containing  up  to  0.003  equivalent  of  quaternary. 
Then  titrate  the  resultant  solution. 

Potentiometric  titration  using  the  glass-calomel  electrode  is  the  prefer¬ 
red  method  for  end  point  detection.  Crystal  violet  indicator  has  been 
reported  as  being  a  usable  indicator  (0.5  ml  of  a  0.1%  solution  of  crystal 
violet  in  glacial  acetic  acid  is  used  to  indicate  end  point).  However  color 
matching  of  sample  versus  primary  standard  is  often  necessary  to  adjust 
the  shade  of  sample  end  point  to  the  shade  of  the  primary  standard  end 
point. 

Any  free  base  (amine)  in  the  quaternary  halide  sample  should  be 
determined  by  titrating  a  separate  sample  without  addition  of  mercuric 
acetate.  Also,  any  amine  hydrohalide  should  be  determined  on  a  separate 
sample  by  titrating  a  separate  sample  either  in  glycol-isopropanol  (1 : 1)  or 
in  acetone  using  0.1N  sodium  hydroxide  in  methanol.  The  quaternary 
value  as  obtained  after  the  mercuric  acetate  reaction  should  be  corrected 
for  these  materials.  Amines  interfere  because  they  are  basic  and  consume 
perchloric  acid,  and  their  hydrohalides  interfere  because  the  mercuric 
acetate  complexes  the  halides  and  forms  the  amine  acetates,  which 
usually  consume  perchloric  acid. 


CALCULATION 

Milliliters  of  perchloric  acidxN  acid  x  mol,  wt.  of  quaternary  x  100 

Grams  of  sample  x  1000 

=  %  quaternary  salt 

Pifer  and  Wollish  used  this  method  on  the  following  quaternary  salts: 
choline  chloride,  neostigmine  bromide,  (3-hydroxyphenyl)-ethyl  dimethy 
ammonium  chloride,  cetylpyridinium  chloride,  tetraethyl  ammonium 
bromide,  (3-hydroxyphenyl)-ethyl  dimethyl  ammonium  bromide,  di¬ 
methyl  carbamate  of  (2-hydroxy-3-cyclohexylbenzyl)-methyl  p.per- 
idinium  bromide,  choline  dihydrogen  citrate,  and  choline  dihydroge 
tartrate.  The  auihors  of  this  book  have  also  tried  choline  chloride, 
tetramethyl  ammonium  bromide,  and  tetrabutylammomum  iodide. 

Trace  Quantities  of  Quarternary  Ammonium  Salts 

Ouaternary  salts  in  dilute  systems  can  be  determined  by  the  addition  of 
a  sulfonated  dye.  The  common  sulfonated  indicators  are  usually  used, 
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these  react  to  form  a  colored  compound  that  is  soluble  in  hydrocarbon. 
The  intensity  of  the  color  in  the  hydrocarbon  layer  is  a  measure  of  h 
quaternary.  The  principle  of  this  method  is  the  same  as  that  used  in  the 
foregoing  titration  involving  organic  sulfates  and  sulfonates,  namely,  that 
the  salt  of  a  quaternary  ion  and  a  sulfonated  organic  compound  is  soluble 
in  hydrocarbon  solvents,  provided  both  the  quaternary  ion  and  the 
sulfonate  ion  contain  sufficient  hydrophobic  groups.  In  this  case  the 
sulfonate  ion  is  a  dye;  hence  the  quaternary  results  in  color  being  pulled 
into  the  hydrocarbon  layer  in  proportion  to  the  amount  of  quaternary 

present. 


Method  of  M.  E.  Auerbach 


[ Adapted  from  Ind.  Eng.  Chem.,  Anal.  Ed.,  15 ,  492-3  (1943);  Ibid.,  16 ,  739 
(j944)?  Reprinted  in  Part ] 

The  quaternary  ammonium  salts  named  below  form  colored  salts  with 
dibromothymolsulfonephthalein  (bromothymol  blue)  and  with  tetra- 
bromophenolsulfonephthalein  (bromophenol  blue).  These  salts  are  readily 
extracted  from  alkaline  aqueous  solutions  by  a  number  of  organic  sol¬ 
vents,  particularly  the  hydrocarbon  solvents.  Bromophenol  blue,  which 
Auerbach  prefers  to  use,  is  itself  insoluble  in  benzene,  for  example,  either 
in  its  acid  form  or  as  the  sodium  salt;  nor  does  it  form  salts  extractable 
from  alkaline  solution  with  any  of  a  large  number  of  primary,  secondary, 
and  tertiary  amines  at  the  investigator’s  disposal,  or  with  alkaloids.  It 


R  =  quaternary  ammonium  cation 


seems  probable  that  all  cations  of  the  composition  [R,R2R3R4N]+  where 
Ri,  R2,  and  R3  are  CH3  or  longer-chained  alkyls  and  R4  is  '/  \  CH,, 


C4H9,  or  longer-chained  aryl-alkyl,  will  form  salts  with  bromophenol  blue 
that  can  be  extracted  from  alkaline  solution.  It  is  not  claimed  that  only 
quaternary  amines  respond  to  this  test,  but  it  is  true  that  of  50  or  60 
nonquaternary  amines,  all  gave  negative  tests.  These  negative  compounds 
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include  such  typical  amines  as  ethylamine,  dimethylamine,  diethano¬ 
lamine,  diethylaminoethanol,  aniline,  phenylenediamine,  and 
ethylenediamine.  It  is  especially  significant  that  lauryl  dimethylamine, 
which  can  be  considered  a  possible  impurity  in  alkyl  benzyl  dimethyl 
ammonium  chloride,  gives  a  negative  test. 

The  method  consists  of  forming  the  quaternary  ammonium-dye  salt  in 
carbonate  solution,  extracting  the  color  with  benzene,  and  measuring  in  a 
photoelectric  colorimeter  the  intensity  of  color  so  extracted.  By  means  of 
a  factor  previously  derived  from  a  standard  solution,  the  concentration  of 
quaternary  ammonium  salt  in  the  sample  is  readily  calculated. 

To  illustrate  the  method  under  discussion,  consider  the  assay  of  a 
commercial  tinted  alcohol-acetone  solution  containing  1  to  1000  ppm 
alkyl  benzyl  dimethylammonium  chloride  (referred  to  as  Z): 

CnH2n+i  CH3 
N— Cl 

<^)chX  Xch3 

in  which  CnH2n+1  represents  a  mixture  of  alkyl  groups  ranging  from 
C8H17  to  C18H37.  In  spite  of  the  apparently  indeterminate  constitution  of 
this  substance,  the  average  molecular  weight,  because  of  rigidly  standar¬ 
dized  manufacturing  conditions,  is  remarkably  constant,  being  about 
357.5.  The  molecular  weight  was  determined  by  preparing  the  fer- 
ricyanide  salt  R3Fe(CN)6  (R  =  quaternary  ammonium  cation),  igniting  a 
portion  of  the  salt  to  Fe2Q3,  and  calculating  back  to  the  value  of  R. 


PROCEDURE 

In  a  125-ml  Squibb  separatory  funnel,  take  50  ml  of  water  containing 
50  to  75  /x g  of  the  quaternary  compound.  Ordinary  stopcock  grease 
should  be  avoided.  Starch-glycerol  lubricant  is  satisfactory.  Add  5  ml  of 
10%  sodium  carbonate  solution,  1  ml  of  aqueous  0.04%  bromophenol 
blue  indicator  solution,  and  exactly  10  ml  of  benzene.  (The  indicator 
solution  should  be  prepared  on  the  day  it  is  to  be  used.  Dissolve  40  mg  of 
bromophenol  blue  powder  in  100  ml  of  water  containing  1  ml  of  0.0 IN 
sodium  hydroxide.)  Shake  steadily  for  2.5  to  3  minutes,  let  the  layers 
separate  roughly  (20-30  seconds),  and  then  swirl  the  funnel  contents  Let 
stand  for  several  minutes  or  until  well  separated.  Rinse  a  15-ml  centrifuge 
tube  with  a  portion  of  the  lower  aqueous  layer,  discard  this  layer  entirely, 
and  then  run  the  colored  benzene  layer  into  the  tube.  Stopper  the  tube 
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With  a  clean  rubber  diaphragm  stopper  and  centrifuge  for  a  few  minutes 
at  about  1000  rpm,  if  necessary  to  clarify.  Transfer  to  a  dry  Klett- 

Summerson  colorimeter  tube,  and  read,  using  filter  o.  .  ..  .. 

Under  the  specified  test  conditions  (more  precisely,  in  alkali 
medium),  the  dye  salts  of  alkaloids  are  not  extractable.  However  these 
salts  become  extractable  from  acid  solutions,  and  useful  methods  can  e 
developed  for  the  determination  of  minute  amounts  of  various  alkaloids 
in  solution.  In  fact,  such  a  method  has  already  been  found  useful  for  the 
determination  in  urine  of  an  alkaloidlike  synthetic  drug,  the  ethyl  ester  of 

methyl  phenyl  piperidine  carboxylic  acid  (1). 

Very  small  amounts  of  strychnine  have  been  determined  in  a  complex 
solution  by  extracting  it  as  the  yellow  bromothymol  blue  salt  in  the 
presence  of  acetate  buffer  pH  5.0,  using  toluene  as  solvent.  A.  somewhat 
similar  method  was  described  many  years  ago  for  quinine,  using  eosin  as 
the  dye  anion  (2,  3).  This  method  is  reliable  to  ±2  to  5  /o. 

Fogh,  Rasmussen,  and  Shadhauge  (4)  used  a  method  similar  to  Auer¬ 
bach’s  method  and  determined  cetyl  pyridinium  chloride  using  bromo- 
cresol  purple  as  the  color  reagent.  They  found  that  the  quaternary  ad¬ 
sorbed  on  glass  and  in  the  foam  (if  foam  existed)  constituted  difficulties, 
which  were  minimized  by  using  cuvettes  coated  with  polymethyl¬ 
methacrylate  polymer. 


1.  R.  A.  Lehman  and  M.  S.  Aitken,  J.  Lab.  Clin.  Med.,  28,  787  (1943). 

2.  R.  O.  Prudhomme,  Bull.  Soc.  Path.  Exot.,  31,  929  (1938). 

3.  R.  O.  Prudhomme,  J.  Pharm.  Chim.,  1,  8  (1940). 

4.  J.  Fogh,  P.  O.  H.  Rasmussen,  and  K.  Shadhauge,  Anal.  Chem.,  26,  392-5  (1954). 
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Isocyanates  and  Isothiocyanates 

RN=C=0  and  RN=C=S 


Both  the  isocyanates  and  the  isothiocyanates  compounds  react  readily 
with  primary  and  secondary  amines  to  yield  the  corresponding  substituted 
ureas  or  thioureas.  The  equations  for  the  reaction  with  primary  amines 
are  as  follows: 

O 

RN=C=0  +  RxNH2  ->  RNH  CNHR! 

S 

|| 

RN=C=S  +  R^IR-*  RNHCNHRj 

The  secondary  amines  react  in  the  corresponding  manner. 

The  reaction  rate  with  both  types  of  amines  is  very  rapid,  but  in  general 
the  reaction  with  the  primary  amine  is  the  more  rapid.  Rate  becomes  of 
significance,  however,  only  with  hindered  isocyanates  or  isothiocyanates. 


Primary  Amine  Method 

Butylamine  Method— Adapted  from  S.  Siggia  and  J.  G.  Hanna 

[Anal.  Chem.,  20 ,  1084  (1948)] 


REAGENTS 

n  -butylaminesolution.  Dilute  12.5  grams  of  n -butylamine  to  500  ml  with  purified 
dioxane.  To  purify  the  dioxane  allow  it  to  stand  over  sodium 

chantze  the  pellets  each  day  until  they  no  longer  become  brown.  Or  the  dioxane  can  be 
purified  more  rapidly  by  distillation  from  sodium  dispersion  or  after  addmg  lithium 

methods  are  quite  adequate. 

Standard  sulfuric  acid  or  standard  hydrochloric  acid,  0.  . 

Methyl  red  indicator. 
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procedure 

To  a  100-  or  150-ml  glass-stoppered  Erlenmeyer  flask,  charge  20  ml  of 
n-butylamine  reagent.  Add  the  sample,  which  should  contain  about  0.002 
mole  of  the  isocyanate  or  isothiocyanate,  to  the  reagent.  Stopper  the  as 
and  allow  it  to  stand  at  room  temperature  for  15  minutes.  A  very  few 
samples  may  require  heating  for  a  few  minutes  to  complete  t  e  a  l  ion 
of  the  n-butylamine  to  the  isocyanate  or  iso  thiocyanate.  All  heating 
should  be  done  under  reflux  to  prevent  loss  of  n-butylamine.  Rinse  the 
condenser  with  water.  Titrate  the  contents  of  the  flask  with  0.1N  acid, 

using  methyl  red  as  an  indicator. 

Run  a  blank  on  20  ml  of  the  reagent  to  determine  its  strength. 


CALCULATIONS 


Milliliters  of  acid  for  blank  minus  milliliters  acid  for  sample  =  A 


A  x  N  H2SQ4  x  mol,  wt.  of  compound  x  100 
Grams  of  sample  x  1000 


=  %  compound 


The  following  compounds  were  used  to  test  the  foregoing  procedure: 
phenyl  and  1 -naphthyl  isocyanates,  and  methyl,  ethyl,  phenyl  isothiocyan¬ 
ates  and  toluene  diisocyanate  (2,4-  and  2,6-isomers). 

Interferences  in  this  procedure  consist  of  any  acidic  or  basic  impurities 
that  may  be  included  in  the  sample.  These  impurities  should  be  deter¬ 
mined  by  titration  before  the  analysis  for  the  isocyanate  or  isothiocyanate 
is  made;  the  final  analysis  should  then  be  corrected  for  these  impurities. 

Thiocyanates  will  interfere,  since  these  compounds  will  isomerize  to  the 
isothiocyanate  on  heating. 

Representative  results  for  pure  compounds  are  summarized  in  Table  1. 


Table  1.  Determinations  of  Isocyanates  and 
Isothiocyanates  in  Dioxane 


Compound 

Found, a  % 

a -Naphthyl  isocyanate 

98.6  ±0.2 

Phenyl  isocyanate 

98.8  ±0.2 

Phenyl  isothiocyanate 

100.2  ±0.5 

Ethyl  isothiocyanateb 

98.6  ±0.1 

Methyl  isothiocyanate6 

98.3  ±0.2 

Average  value  with  standard  deviation. 
After  45  minutes  at  room  temperature 
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Because  dipolar  solvents  accelerate  the  rate  of  nucleophilic  reactions, 
dimethylformamide  was  used  as  a  solvent  to  shorten  the  time  of  the  n- 
butylamine-organic  isocyanate  and  isothiocyanate  reactions. 


Adapted  from  the  Method  of  J.  A.  Vinson 

[Anal.  Chem.,  41,  1661  (1969)] 

REAGENTS 

dimethylformamide,  reagent  grade.  Store  over  molecular  sieves. 
n-BUTYLAMiNE,  commercial  grade.  Distill  from  barium  oxide  and  store  over 
nitrogen  in  an  amber  bottle.  Add  3  grams  of  the  amine  to  a  100-ml  volumetric 
flask  and  dilute  to  volume  with  dimethylformamide. 


PROCEDURE 

Add  5  ml  of  the  n-butylamine  solution  to  a  125-ml  Erlenmeyer  flask 
containing  a  Teflon  stir  bar  and  add  10  ml  of  dimethylformamide.  Weigh 
approximately  1  mM  of  isocyanate  or  isothiocyanate  in  a  glass  micro 
weighing  bottle  fitted  with  a  glass  stopper.  Drop  the  bottle  into  the  flask 
so  that  the  stopper  separates  from  the  bottle.  Cork  the  flask  and  stir  for  a 
few  seconds  until  the  contents  are  mixed.  Allow  to  stand  5  minutes  at 
room  temperature  for  aromatics  and  for  10  minutes  for  aliphatics.  Add 
50  ml  of  distilled  water  and  cool  the  flask  to  room  temperature  with  tap 
water  or  an  ice  bath.  Add  a  few  drops  of  methyl  red  indicator  solution 
and  titrate  the  excess  amine  to  the  pink  end  point  with  standard  0.1N 
hydrochloric  acid. 


discussion 

Although  dimethylsulfoxide  was  found  to  accelerate  the  reaction,  the 
results  obtained  were  high.  Results  for  the  determinations  of  isocyanates 
and  isothiocyanates  in  dimethylformamide  are  found  in  Table  2. 

The  dimethylformamide  method  gave  accuracy  and  precision  equal  to 
the  ASTM  method,  (p.  697),  with  a  significant  reduction  in  reaction  time, 
5  minutes  for  the  dimethylformamide  method  versus  1  hour  for  e 
ASTM  method.  The  comparison  results  appear  in  Table  3. 


Isocyanates  and  Isothiocyanates 

Table  2.  Determination  of  Isocyanates  and  lsothiocyanates  in 
laD,e  Dimethylformamide  Solvent 
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Compound 


Allyl  isothiocyanate 
n -Butyl  isocyanate 
n -Butyl  isothiocyanate 
Phenyl  isocyanate 
Phenyl  isothiocyanate 
Naphthyl  isocyanate 
Naphthyl  isothiocyanate 
Tolylene-2,4-diisocyanate 


Reaction 
Time,  Min. 


5 

10 

10 

5 

1 

1 

2 

5 


Reaction, 


a  % 


99.6  ±0.6 

98.8  ±0.2 

98.3  ±0.4 
99.1  ±0.1 

101.4  ±0.1 

99.3  ±0.2 

99.8  ±0.3 

98.7  ±0.4 


a  Average  value  with  standard  deviation. 


Table  3.  Determination  of  Polymeric  Polyiso¬ 
cyanates 

%  NCO 


Sample  ASTM  DMF 


A  30.7  ±0.1  30.9  ±0.1 

B  31.2  ±0.1  31.1  ±0.0 

C  30.8  ±0.0  31.1  ±0.1 


a  Reaction  time,  5  minutes  at  room  temp¬ 
erature. 


Secondary  Amine  Methods 

Dibutylamine  Method — Adapted  from  American  Society  for  Testing  and 
Materials 

[ Reprinted  in  Part  from  the  ASTM  Tests  for  Urethane  Foam  Raw  Materials 
( D1638)-59T  (1959),  p.  3 ] 

The  dibutylamine  method  was  developed  for  determination  of  toluene 
diisocyanates  in  their  various  isomeric  forms. 

The  foregoing  primary  amine  methods  have  been  tested  on  a  wider 
range  of  isocyanates  and  isothiocyanates  than  has  the  secondary  amine 
method,  although  the  latter  method  may  also  apply. 
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REAGENTS 

bromocresol  green  indicator  solution.  Triturate  0.100  gram  of  bromo- 
cresol  green,  indicator-grade  powder,  with  1.5  ml  of  0.1N  sodium  hydroxide 

solution  until  solution  of  the  bromocresol  green  is  complete.  Dilute  to  100  ml  with 
water. 

dibutylamine  solution,  260  grams  per  liter.  Dilute  260  grams  of  dry 
dibutylamine  to  1  liter  with  dry  toluene. 

hydrochloric  acid,  IN.  Prepare  IN  hydrochloric  acid  and  standardize  in  any 
suitable  manner,  frequently  and  accurately  enough  so  that  the  maximum  error  of 
the  normality  factor  shall  be  not  more  than  0.001. 

Isopropyl  alcohol. 

toluene,  dry.  Dry  toluene  conforming  to  the  specifications  for  Nitration  Grade 
Toluene  (ASTM  Designation:  D  841)  (1),  or  the  equivalent,  and  dried  by  a  drying 
agent.  The  Linde  4A  Molecular  Sieve,  or  equivalent,  has  been  found  satisfactory 
for  this  purpose. 


PROCEDURE 


To  a  500-ml  Erlenmeyer  flask,  rinsed  successively  with  water,  alcohol, 
and  benzene,  dried  at  100°C,  and  cooled,  add  40  ml  of  dry  toluene. 
Accurately  add  50  ml  of  the  dibutylamine  solution  by  pipet  or  buret  and 
mix  carefully.* 

Transfer  to  the  flask  between  6.5  and  7.0  grams  of  the  sample,  weighed 
to  the  nearest  0.001  gram.  Carefully  swirl  the  flask  while  slowly  adding 
the  sample.  If  spattering  is  anticipated,  cool  the  flask  and  contents  in  the 
cooling  bath  prior  to  the  addition  of  the  sample,  after  which  cool  until  the 
heat  of  reaction  has  been  dissipated.  Add  10  ml  of  dry  toluene,  stopper 
the  flask  loosely,  and  allow  the  contents  to  come  to  room  temperature. 
Wash  down  the  sides  of  the  flask  with  10  ml  of  dry  toluene.  Stopper  the 
flask  loosely  and  allow  to  stand  at  room  temperature  for  15  minutes. 

Add  225  ml  of  isopropyl  alcohol  from  a  250-ml  graduated  cylinder  and 
0.8  ml  of  bromocresol  green  indicator  solution  from  a  graduated  1-ml 
pipet.  Titrate  with  IN  hydrochloric  acid  solution  in  a  50-  or  100-ml  buret 
while  swirling  the  flask  contents  to  effect  rapid  mixing.  Near  the  end  point 
add  the  hydrochloric  acid  dropwise  and  shake  the  solution  vigorously. 
Consider  the  end  point  reached  with  the  disappearance  of  the  blue  color 
and  the  reappearance  of  a  yellow  color  persists  for  at  least  15  seconds. 


1.  1958  Book  of  ASTM  Standards,  Part  8.  . 

*  Burets  and  pipets  shall  conform  to  National  Bureau  of  Standards  tolerances,  as  given  in  . 
L.  Peflfer  and  G.  C.  Mulligan,  “Testing  of  Glass  Volumetric  Apparatus,  '  ItM  Bureau  of 
Standards  Circular  C434 ,  Superintendent  of  Documents,  Government  Printing  Office, 


Washington  D.C.,  1941. 
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Run  a  blank  determination  at  the  same  time  in  exactly  the  same 
manner  as  above  but  omitting  the  sample. 


CALCULATION 


Calculate  the  assay  percentage  as  follows: 


Assay,  %  = 


< B  S^-xlOO 

1000W 


where 

B  =  milliliters  of  hydrochloric  acid  required  for  titration  of  the  blank, 

S  =  milliliters  of  hydrochloric  acid  required  for  titration  of  the  sample, 
N  =  normality  of  the  hydrochloric  acid, 

E  =  equivalent  weight  of  the  toluene-diisocyanate,  in  grams  (87.08), 

W  =  grams  of  sample  used 

Reactive  halides,  if  present,  interfere  with  the  usual  amine  reagents.  A 
study  by  Beazley,  described  below,  of  the  reactivities  of  several  amines 
relative  to  halides  and  isocyanates,  revealed  that  dicyclohexylamine 
suffered  very  little  interference  of  this  type. 


Adapted  from  the  Method  of  P.  M.  Beazley 

[Anal.  Chem.,  43 ,  148  (1971)] 

REAGENTS 

dicyclohexylamine.  Dilute  50  ml  of  dicyclohexylamine,  Eastman  White 
Label  4627,  to  1  liter  with  dry  dimethylformamide. 


PROCEDURE 

Dissolve  the  sample  containing  1  meq.  of  isocyanate  in  5  ml  of  dry 
dimethylformamide.  Pipet  10  ml  of  amine  solution  into  the  sample,  and 
after  2  minutes  add  40  ml  of  isopropanol  and  8  drops  of  bromocresol 
green  indicator.  Titrate  the  unreacted  amine  with  0.1N  hydrochloric  acid 
until  the  indicator  remains  yellow  for  at  least  15  seconds.  Run  a  blank  to 
determine  the  total  amount  of  amine  taken,  and  calculate  the  equivalent 
isocyanate  content  of  the  sample  by  subtraction  of  the  amount  of  un¬ 
reacted  amine  from  the  total  amount  of  amine  taken. 


700 


Quantitative  Organic  Analysis 


RESULTS  AND  DISCUSSION 

Table  4  gives  comparisons  of  the  reactivities  of  different  amines  toward 
benzyl  bromide.  A  portion  of  each  amine  in  dimethylformamide  was 
mixed  with  an  equal  portion  of  benzyl  bromide  in  dimethylformamide  at 
room  temperature,  and  the  reaction  was  quenched  after  5  minutes. 

Table  4.  Reactivities  of  Different  Amines  Toward 
Benzyl  Bromide 


Benzyl  Bromide 
Amine  Reacted,  % 


Piperidide 

96 

Dibutylamine 

84 

Diisopropylamine 

10 

Dicyclohexylamine 

6 

Results  of  the  reaction  of  dicyclohexylamine  and  a  mixture  of  benzyl 
bromide  and  tolylisocyanate  (Table  5)  indicate  very  little  interference 
from  the  halide. 


Table  5.  Results  of  the  Reaction  of  Dicyclohex¬ 
ylamine  and  a  Mixture  of  Benzyl  Bromide  and 
Tolylisocyanate 

o  -Tolylisocyanate, 


Time, 

min. 

Benzyl 
Bromide, 
mole  % 

mole  % 

Present 

Found 

1 

38.1 

61.9 

60.6 

2 

38.1 

61.9 

61.4 

4 

38.1 

61.9 

62.2 

Recoveries  of  pure  isocyanates  as  determined  by  the  recommended 
procedure  are  shown  in  Table  6. 

Table  6.  Recoveries  of  Pure  Isocyanates 

Isocyanate 

Compound  Found,  % 


2,4-Toluene  diisocyanate 
Phenyl  isocyanate 
Allyl  isocyanate 
n -Butyl  isocyanate 
Cyclohexyl  isocyanate 


99.4 
98.9 

97.2 

87.4 

91.2 
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Cvclohexyl  isocyanate  and  n -butyl  isocyanate  fail  to  react  completely 
within  the  2  minutes  allowed.  The  method  is  therefore  applicable  to 
isocyanate-halide  mixtures,  provided  the  halides  are  no  more  reactive 
than  benzyl  bromide  and  the  isocyanates  are  at  least  as  reactive  as  allyl 

isocyanate. 


Piperidine  Method— Adapted  from  R.  Venkataraghavan  and  C.  N.  R.  Rao 


[ Reprinted  in  Part  from  Chemist- Analyst,  51,  48  9  ( 1962)\ 

Piperidine  was  used  in  this  work  to  determine  isothiocyanates,  but 
Stagg  (2)  had  used  it  for  determining  isocyanates.  The  procedure  as 
described  works  for  both  classes  of  compounds. 


REAGENTS 

Piperidine  in  anhydrous  dioxane  (store  in  a  tightly  sealed  container),  0.1M. 
Hydrochloric  acid,  0.1M. 

Sodium  hydroxide,  0.0500 M. 

mixed  indicator.  Five  parts  0.1%  methyl  red  solution  and  2  parts  0.1% 
methylene  blue  solution. 


PROCEDURE 

Add  the  sample  of  the  organic  isothiocyanate  (about  0.1  meq.  in  1  ml) 
in  dioxane  to  a  conical  flask  containing  a  known  excess  amount  (5.00  ml) 
of  the  piperidine  reagent.  Shake  the  mixture  vigorously  for  about  1 
minute.  Add  a  known,  excess  amount  (10.0  ml)  of  0.1M  hydrochloric 
acid.  Now  titrate  the  excess  of  hydrochloric  acid  with  0.0500M  sodium 
hydroxide,  employing  5  drops  of  the  mixed  indicator  to  a  very  sharp  end 
point  marked  by  a  color  change  of  violet  to  green.  Repeat  the  procedure, 
omitting  the  sample  addition.  The  difference  in  the  volumes  of  sodium 
hydroxide  required  in  the  two  titrations  corresponds  to  the  amount  of 
isothiocyanate  present  in  the  sample.  If  the  sample  contains  free  acidic  or 
basic  material,  titrate  a  further  portion  without  the  addition  of  piperdine 
and  then  apply  a  correction. 

2.  H.  E.  Stagg,  Analyst,  71,  557  (1946). 
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RESULTS  AND  REMARKS 

The  recovery  ranged  from  99.2  to  99.8%  in  the  application  of  the 
procedure  to  the  following  isothiocyanates:  methyl,  benzyl,  phenyl,  p- 
bromophenyl  and  p-methoxyphenyl.  Organic  thiocyanates  do  not  react 
with  piperidine,  hence  do  not  interfere.  Thus  it  was  found  that  methyl  and 
benzyl  isothiocyanates  could  be  determined  in  the  presence  of  the  corres¬ 
ponding  thiocyanates.  The  procedure  may  therefore  be  applied  to  the 
analysis  of  mixtures  of  thiocyanates  and  isothiocyanates  or  to  study 
isomerization  of  the  former. 


DETERMINATION  OF  TRACE  QUANTITIES  OF  ISOCYANATES 

Kubitz  (3)  developed  a  method  for  traces  of  isocyanates  in  urethane- 
based  polymers.  The  method  was  based  on  the  n-butylamine  reaction 
with  the  excess  amine  determined  colorimetrically  with  malachite  green. 
Mercali  (4)  determined  toluene  diisocyanate  in  the  atmosphere  by  a 
procedure  that  depends  on  hydrolysis  of  the  isocyanate  to  the  corres¬ 
ponding  diamine  followed  by  diazotization  of  the  diamine  and  coupling 
with  N-(naphthyl)ethylenediamine  to  form  a  color  that  is  measured 
spectrophotometrically.  The  method  of  Mercali  was  substantially  mod¬ 
ified  by  other  workers  (5,  6).  Meddle,  Radford,  and  Wood  selected  it  as 
suitable  for  adaptation  to  a  general  procedure  for  aromatic  isocyanates  in 

air. 


Adapted  from  the  Methods  of  D.  W.  Meddle,  D.  W.  Radford,  and  R.  Wood,  and 
D.  W.  Meddle  and  R.  Wood 

[Analyst,  94 ,  367  (1969);  95,  402  (1970)] 

This  method  is  applicable  to  the  determination  of  aromatic  isocyanates 
in  air  in  the  presence  of  primary  aromatic  amines.  Samples  of  the  test 
atmosphere  are  drawn  simultaneously  through  two  different  absorbing 
solutions  One  sample  is  collected  in  a  dimethylformamide  solution  o 
11  “.“inch”  L  .~d  ft.  other  in  .  dime.hyltotm—.-hydr.ch  one 
add  solution  of  1,6-diaminohexane.  The  aromatic  amine  present  or 

3.  K.  A.  Kubitz,  Anal.  Chem.,  29,  814  (1957). 

4  K  Mercali,  Anal.  Chem.,  29,  552  (1957).  (1964) 

l  k.  E.  Grim  and  A.  L.  Linch,  Am.  Ind.  Hyg.  Assoc.  J..  25.  -85  (1964). 

6.  D.  A.  Reilly,  Analyst,  88,  732  (1963). 
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.  .  in  each  absorbing  solution  is  diazotized  and  coupled  with 

JV°(1 -naphthyl)ethylenediamine  to  form  a  colored  complex,  whose  optica 
density^  measured  spectrophotometrically.  The  difference  between  he 
Jesultog  optical  densities  gives  a  measure  of  the  isocyanate  m  the  atr. 


APPARATUS 

all-glass  absorbers.  These  are  the  type  shown  in  Fig.  17.1 

sampling  PUMP.  Capable  of  drawing  air  through  the  apparatus  at  2  liters  p 

minute. 

Colorimeter  or  spectrophotometer. 


reagents 

diluted  hydrochloric  acid.  Dilute  15  ml  of  concentrated  acid  (sp.  gr„  1.9  at 
20°C)  to  100  ml  with  distilled  water. 

Dimethylformamide  solution  of  1,6-diaminohexane  (DAH),  70  p, g  per  millili¬ 
ter. 

d i azotiz ation  solution.  Dissolve  3  grams  of  sodium  nitrite  and  5  grams  o 
sodium  bromide  in  water  and  dilute  to  1  liter. 

Aqueous  sulfamic  acid  solution,  10%,  w/v. 


Fig.  17.1.  All-glass  absorber. 
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N-(1-naphthyl)ethylenedi amine  solution.  Dissolve  0.75  gram  of  N-(  1- 
naphthyl)ethylenediamine  dihydrochloride  in  water,  add  2  ml  of  concentrated 
hydrochloric  acid,  and  dilute  to  100  ml  with  water.  Prepare  a  fresh  solution  after  2 
days. 

standard  isocyanate  solution.  Dissolve  30  mg  of  isocyanate  in  100  ml  of 
toluene. 

standard  aromatic  amine  solution.  Dissolve  30  mg  of  aromatic  amine  in 
100  ml  of  toluene. 


PROCEDURE 


Add  3  ml  of  the  dimethylformamide-DAH  solution  to  each  of  two 
absorber  tubes;  then  add  2  ml  of  hydrochloric  acid  solution  to  one  of 
them.  Insert  the  inlet  tubes  and  mount  the  assembled  absorbers  side  by 
side  in  a  vertical  position  at  the  sampling  site.  Attach  the  pump  to  each 
absorber,  and  simultaneously  draw  10  liters  of  the  test  atmosphere 
through  each  absorbing  solution  at  the  rate  of  1  liter  per  minute.  Leave 
the  absorbing  solutions  for  10  minutes  to  allow  any  reactions  to  reach 
completion.  To  the  absorber  tube  containing  only  dimethylformamide- 
DAH  solution,  add  2  ml  of  hydrochloric  acid  solution  through  the  top  of 
the  inlet  tube.  Lift  the  inlet  tube  so  that  the  sinters  in  the  absorber  tubes 
are  clear  of  the  respective  solutions,  and  expel  the  liquid  trapped  in  each 

domed  sinter  as  completely  as  possible. 

Ensure  that  the  temperature  of  the  absorbing  solution  is  not  above 
20°C:  then  to  each  absorber  tube  add  0.5  ml  of  the  diazotization  solution. 
Shake  the  mixture  and  allow  it  to  stand  for  2  minutes.  To  each  absorber 


tube  add  0.5  ml  of  the  sulfamic  acid  solution  and  shake  until  the  efferves¬ 
cence  has  ceased;  then  2  minutes  later  add  0.5  ml  of  N-(  1- 
naphthyl)ethylenediamine  solution  to  each  tube  and  mix  well.  Allow  the 
colors  to  develop  for  10  minutes  before  measuring  the  optical  density  of 
each  solution.  Determine  the  optical  density  of  each  in  a  20-mm  cell 
against  water  as  a  reference.  If  a  wide-band  color  filter  is  used  with  a 
colorimeter,  the  filter  should  be  chosen  so  that  it  ensures  as  high  an 
optical  transmission  as  possible  at  each  of  the  wavelengths  of  the  absor¬ 
bance  maxima  of  the  compounds  being  determined.  Any  arbitrary 
wavelength  at  or  between  those  of  absorbance  maxima  of  the  individual 
components  of  the  mixture  can  be  selected  when  a  spectrophotometer  is 
usedP  for  example,  for  a  mixture  of  4,4'-methylenebis(o-chloroamlme) 
(MOCA)  and  naphthylene-  1,5-diisocyanate  (NDI),  select  a  wavelength 

between  550  and  585  nm. 
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PREPARATION  OF  CALIBRATION  CURVES 

To  a  series  of  absorber  tubes  each  containing  3  ml  of  the 
dimethylformamide-DAH  solution  and  2  ml  of  hydrochloric  acid  so  ution 
add  0  01,  0.02,  0.03,  0.04,  and  0.05  ml  of  standard  isocyanate  solution 
covering  the  range  of  0  to  15  Mg  from  a  micrometer  syringe.  Develop  the 
color  in  each  tube  as  indicated  above.  Measure  the  optical  densities  of  the 
solutions  in  a  spectrophotometer  at  the  selected  wavelength  or  in  a 
colorimeter  with  a  suitable  wide-band  color  filter,  in  the  same  way  as  the 
samples.  Plot  micrograms  of  isocyanate  against  optical  density.  Using  the 
standard  amine  solution,  prepare  a  calibration  curve  of  micrograms  of 
aromatic  amine  against  optical  density,  as  described  for  the  isocyanate. 


DISCUSSION 

Since  there  is  considerable  variation  in  the  molecular  weights  of  the 
isocyanates  and  amines  likely  to  be  found  together  in  the  atmosphere  and 
also  in  the  intensities  of  the  colors  they  produce,  it  is  difficult  to  give  a 
general  concentration  range  over  which  this  method  can  be  used.  How¬ 
ever,  for  a  mixed  tolylene-2, 4-diisocyanate  (TDI)-MOCA  atmosphere 
when  weight  for  weight,  these  compounds  give  similar  color  intensities;  a 
total  of  up  to  16  /xg  of  mixed  species  can  be  separately  identified  into 
TDI  and  MOCA  concentrations  with  an  E.E.L.  colorimeter  fitted  with  a 
No.  625  Ilford  filter  and  with  14  mm  I.D.  glass  tubes  for  color  measure¬ 
ments. 

Over  the  range  0  to  15  /xg,  the  colors  produced  by  both  TDI  and 
MOCA  with  the  proposed  procedure  exhibited  a  linear  relationship 
between  concentration  and  optical  density,  15  /xg  of  TDI  and  MOCA 
giving  optical  densities  of  1.05  and  1.15,  respectively,  when  measured  in 
2-cm  cells  on  a  Unicam  SP600  spectrophotometer  at  550  nm.  Both  TDI 
and  MOCA  produced  colors  with  a  maximum  absorbance  at  550  nm. 
Thus  with  the  optical  density  of  MOCA  measured  in  the 
dimethylformamide-DAH  absorbing  solution  and  that  of  MOCA  with 
TDI  in  the  dimethylformamide-DAH-hydrochloric  acid  solution,  the 
optical  density  of  TDI  alone  was  obtained  by  subtraction.  The  respective 
concentrations  of  MOCA  and  TDI  were  then  determined  by  reference  to 
the  calibration  curves.  To  check  the  feasibility  of  determining  the  indi¬ 
vidual  concentrations  of  amine  and  isocyanate  when  the  absorbance 
maxima  differed,  mixtures  of  MOCA  and  naphthylene-  1,5-diisocyanate 
(NDI)  were  studied,  the  latter  having  a  maximum  absorbance  at  585  nm. 
Aliquots  of  standard  toluene  solutions  of  NDI  were  added  to  each 
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absorbing  solution  containing  a  known  amount  of  MOCA.  An  arbitrary 
wavelength  of  550  nm  was  chosen  for  reading  the  optical  density  of  the 
absorbing  solutions.  Calibration  curves  had  been  prepared  previously  for 
each  compound  at  this  wavelength. 

The  results  of  this  work  showed  that  atmospheres  containing  mixtures 
of  NDI  and  MOCA  could  be  analyzed  readily  and  the  individual  concent¬ 
rations  of  the  two  species  determined.  Although  550  nm  was  found  to  be 
a  convenient  wavelength  for  the  measurement  of  MOCA  and  NDI,  any 
wavelength  between  their  respective  maximum  absorptions  at  550  to 
585  nm  could  be  used,  since  over  this  range  each  compound  is  measured 
with  a  relatively  high  sensitivity. 


18 

Mercaptans 


Mercaptans  analytically  can  be  considered  as  monosubstituted  hydrogen 
sulfide,  and  they  have  the  reactions  of  such  compounds.  For  example, 
metals  replace  the  mercapto  hydrogen 

xRSH  4-  Me+x-*(RS)xMe  +  xH+ 

The  analysis  can  be  carried  out  by  titrating  the  mercaptan  with  a  metal 
ion  such  as  in  the  silver  methods  below.  Also,  mercaptans  can  be  oxidized 
to  the  corresponding  disulfides  with  iodine  or  cupric  ion;  these  ap¬ 
proaches  also  form  the  basis  of  analysis. 


Silver  Methods 


The  silver  methods  can  be  approached  in  three  ways:  ( a )  direct 
titration  with  silver  ion;  ( b )  addition  of  excess  silver,  precipitation  of  the 
mercaptide,  and  back-titration  of  the  excess  silver  with  a  Volhard  type 
titration;  (c)  addition  of  excess  silver  nitrate  and  titration  of  the  acid 
liberated  by  the  reaction. 

The  back-titration  of  the  excess  silver  (1,  2)  is  the  least  desirable  of  the 
three  approaches,  since  any  material  that  precipitates  with  silver  ion  will 
interfere.  The  direct  method  does  not  suffer  from  this  disadvantage,  since 
the  silver  mercaptides  are  usually  the  least  dissociated  silver  compound  in 
the  system  and  in  a  mixture  the  silver  mercaptide  precipitates  first.  It  is 
thus  indicated  separately  from  the  other  components  in  the  system.  Also, 
the  back-titration  often  yields  high  values  because  the  precipitated  mer¬ 
captides  tend  to  occlude  some  of  the  excess  silver  ion,  which  is  then  not 
back-titrated.  The  procedure  of  Malisoff  and  Arding  (2)  tends  to 
minimize  this  difficulty  by  using  dilute  solutions. 

The  direct  potentiometric  titration  of  mercaptans  with  silver  nitrate  is 
the  most  generally  applicable  method  with  the  least  interferences.  The 
acidimetric  method  is  also  quite  widely  applicable. 


I  and  E'  E'  Reid’  Ind •  Eng ■  Chem •>  Anal  Ed->  h  186  (1929). 

2.  W.  M.  Malisoff  and  C.  E.  Arding,  Ibid.,  7,  86  (1935). 
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POTENTIOMETRIC  TITRATION 

Potentiometric  titration  is  a  very  simple,  direct,  and  generally  accurate 
and  precise  approach  to  determining  mercaptans.  The  authors  have  success¬ 
fully  used  this  approach  in  almost  any  solvent  system  that  will  dissolve 
silver  nitrate  and  the  sample  in  question.  An  ordinary  pH  meter  equipped 
with  a  silver  indicating  electrode  and  calomel  reference  electrode  suffices. 
As  low  as  0.001  meq  of  mercaptan  can  often  be  measured  using  0.001N 
silver  nitrate  solution.  In  general,  an  alkaline  agent  such  as  ammonia  or 
sodium  acetate  aids  the  end  point  because  of  neutralization  of  the  acid 
formed  in  the  reaction 

RSH  + AgN03  RSAg  +  HN03 

The  acid  tends  to  dissolve  the  mercaptide  slightly  and  yield  a  small 
amount  of  silver  ion. 

The  procedure  of  Tamele  and  Ryland  is  a  formalized  potentiometric 
titration  method. 


Method  of  M.  W.  Tamele  and  L.  B.  Ryland 

[. Adapted  from  Anal.  Chem.,  8,  16-9  (1936),  Reprinted  in  Part] 

The  following  procedure  is  based  on  precipitation  of  mercaptans  with 
silver  nitrate.  By  using  enough  alcohol  to  dissolve  the  sample  and  by 
titrating  with  an  alcoholic  solution  of  silver  nitrate,  the  separation  of 
phases,  the  formation  of  emulsions,  and  the  resulting  adsorption  are 
completely  eliminated.  Furthermore,  to  avoid  an  excess  of  silver  nitrate  at 
the  end  of  precipitation,  the  end  point  is  determined  potentiometrically 
with  a  silver  electrode  indicator.  The  method  thus  becomes  applicable  to 
colored  solutions,  since  the  selection  of  the  end  point  is  not  dependent  on 
a  color  change  of  the  indicator.  Finally  because  of  the  very  low  solubility 
of  silver  mercaptides,  approximately  equal  to  that  of  silver  iodide,  t  e 
method  becomes  applicable  in  the  presence  of  substances  that  normally 
react  with  silver  nitrate  but  form  compounds  more  soluble  than  the  silver 
mercaptides.  The  danger  of  the  simultaneous  precipitation  of  common 

impurities  is  thus  minimized. 

The  influence  of  a  number  of  substances  likely  to  interfere  with 
suggested  procedure  was  studied,  especially  those  occurring  naturally  in 
nefroleum  products.  Many  were  found  to  have  no  influence  on  the 
accuracy  of  the  results,  but  hydrogen  sulfide  and  elementary  su 
interfere  with  the  procedure  (see  pp.  711-13  for  a  method  to  deal  with 

these  interferences). 
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APPARATUS 

A  suitable  simple  arrangement  for  potentiometric  titration  of  mercaptans  is 

"  cel/consists  of  a  silver  half-eel.  sensitive  to  changes  in  silver-ion  coneent.a- 
tion  and  a  mercury  half-cell,  R,  used  as  the  reference  electrode.  The  stiver 
half-cell  consists  of  a  silver  electrode  immersed  in  the  beaker  co"^'nin®  J 
0.1N  sodium  acetate  in  96%  ethyl  alcohol.  The  mercury  half-cell  and  the  bndge 

are  filled  with  the  same  solution. 

The  silver  electrode  is  a  polished  silver  wire  of  about  2mm  diameter  and  the 
mercury  electrode  is  a  layer  of  mercury  about  3  to  4  cm  in  diameter.  The  ce  is 

represented  by  the  diagram 


-Ag 


0.1N  sodium 
acetate  in 
alcohol 


0.1N  sodium 
acetate  in 
alcohol 


Hg  + 


The  emf  of  the  cell  is  reasonably  constant,  about  -0.070  volt,  the  minus  sign 
signifying  that  the  silver  wire  is  the  negative  electrode.  In  the  absence  of  any 
generally  accepted  standard  reference  electrode  in  alcoholic  solutions,  the  mer¬ 
cury  half-cell  is  used  as  the  standard  and  the  potential  of  the  silver  electrode  is 
considered  to  be  equal  to  the  numerical  value  of  the  emf  of  the  cell.  Variations 


Silver 

electrode 

(S) 


Titration 

cell 


Fig.  18.1.  Apparatus  for  potentiometric  titration  of  mer¬ 
captans. 
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from  this  constant  value  may  be  caused  by  impurities  on  the  silver  wire.  It  is 
advisable  to  clean  the  electrode  with  a  solution  of  potassium  cyanide  and  then  to 
wash  it  carefully  with  water. 

Because  of  the  somewhat  high  resistance  of  the  cell,  a  reasonably  sensitive 
potentiometer  arrangement  is  required. 

The  sample  is  added  to  50  cc  of  the  alcoholic  sodium  acetate  solution  in  the 
silver  half-cell.  The  size  of  the  sample  may  vary  according  to  the  solubility  in 
alcohol  of  the  solution  examined  and  the  amount  of  mercaptan  present,  and  it 
should  be  such  that  about  10  to  15  cc  of  0.01N  silver  nitrate  solution  is  consumed. 
From  5  to  10  cc  of  a  hydrocarbon  sample  usually  is  soluble  in  the  cell  liquid. 

If  the  sample  (free  from  hydrogen  sulfide  and  elementary  sulfur)  contains 
mercaptan,  the  potential  of  the  silver  electrode  will  rise  from  -0.070  to  about 
—0.380  volt. 

Standard  0.0 IN  solution  of  silver  nitrate  in  isopropyl  alcohol  is  added  in  small 
portions  to  the  beaker  with  occasional  stirring,  and  the  values  of  the  emf  of  the 
cell  are  recorded.  A  sudden  drop  of  the  potential  of  the  silver  electrode  to  less 
negative  values  occurs  at  the  end  point. 

selection  of  end  point.  If  titration  curves  are  constructed  from  the  data 
observed,  they  appear  to  be  symmetrical,  as  would  be  expected,  since  the  reaction 
involves  two  monovalent  ions  (3).  The  end  point  of  titration  is  therefore  at  the 
point  of  inflection  of  the  curve.  If  the  results  are  not  plotted,  the  values  of  AE/Ac 
are  calculated  and  the  end  point  is  taken  where  this  value  is  a  maximum.  A  typical 
titration  curve  appears  in  Fig.  18.2. 


3.  I. 


0.500 
0.400 
0.300 
0.200 
-0.100 
0.000 
+  0.100 
0.200 
0.300 
0.400 

Fig.  18.2.  Titration  of  n -butyl  mercaptan  in  kerosene;  5-cc  sample. 
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REAGENTS 

a nnrnximatelv  0  IN  solution  of  sodium  acetate 
r;6«:  as  a  medium  for  titratio n.  Ethyl  alcohol  denatured 

prepare  a  so.ution  of  sUver  nitrate  of 

0  01N  strength  in  isopropyl  alcohol  containing  about  9%  of  water  by  exac 
XI  Of  ag0.1N  stock  solution.  The  stock  solution  is  stable  for  -onths  but 
should  preferably  be  kept  in  darkness.  The  dilute  0.0 IN  solution  should  be 
prepared  as  needed,  but  it  has  been  found  to  remain  stable  for  several  weeks. 
Ethyl  alcohol  is  unsuitable  for  preparation  of  these  solutions  because  ace  a  - 
dehyde  is  slowly  formed  and  fine  silver  powder  is  precipitated. 
isopropyl  alcohol.  This  must  be  free  of  aldehydic  impurities.  Purify  commer¬ 
cial  alcohol  by  dissolving  0.5  gram  of  silver  nitrate  in  1  liter  of  alcohol  and 
exposing  in  a  clear  glass  bottle  to  direct  sunlight  for  several  hours.  Decant  the 
alcohol  from  the  precipitated  silver,  remove  the  excess  silver  nitrate  with  sodium 
chloride,  and  redistill  the  alcohol.  The  azeotropic  mixture  containing  9%  of  water 
can  be  used  directly  for  preparation  of  solutions  of  silver  nitrate,  since  this 
amount  of  water  aids  in  the  solution  of  silver  nitrate. 


INTERFERING  SUBSTANCES  AND  CONDITIONS 

influence  of  solvent.  The  freedom  of  interference  by  the  hydrocarbon 
solvent  with  the  precipitation  of  silver  mercaptides  has  been  demon¬ 
strated  by  previous  workers  (4,  5).  No  disturbing  influence  of  the  solvent 
could  be  detected  experimentally  when  titrations  were  performed  in 
kerosene,  cracked  gasoline,  amylene,  acetone,  and  various  aliphatic  al¬ 
cohols. 

common  impurities.  From  a  theoretical  point  of  view,  substances  react¬ 
ing  with  silver  nitrate  and  forming  compounds  substantially  more  soluble 
than  silver  mercaptides  should  not  interfere  with  the  procedure.  Since  the 
solubility  of  silver  mercaptides  is  very  low  and  nearly  equal  to  the 
solubility  of  silver  iodide,  the  chances  of  encountering  an  interfering 
substance  are  small. 

Possible  interference  by  a  number  of  substances  likely  to  be  encoun¬ 
tered  in  practice  was  studied  experimentally.  The  procedure  consisted  in 
the  titration  of  a  solution  of  mercaptan  of  known  strength,  in  the  presence 
of  a  measured  amount  of  substance  examined  for  possible  interference. 
Table  1  shows  the  results  of  analyses  of  n -butyl  mercaptan  solutions  in 
kerosene  containing  varying  amounts  of  diethyl  disulfide. 

4.  G.  R.  Bond,  Jr.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  5,  257  (1933). 

5.  W.  M.  Malisoff  and  E.  M.  Marks,  Ind.  Eng.  Chem.,  23,  1114  (1931). 
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Table  1.  Titration  of  n- Butyl  Mercaptan  in  the  Presence 
of  Diethyl  Disulfide  in  Kerosene 


Diethyl  Disulfide 
Present, 
mole/1. 

Mercaptan 

Present, 

mole/1. 

Mercaptan 

Found, 

mole/1. 

None 

0.0297 

0.0297 

0.030 

0.0297 

0.0297 

0.030 

0.0297 

0.0297 

0.090 

0.00425 

0.00428 

By  similar  experiments  it  was  found  that  certain  substances  had  no 
influence  on  the  results  when  present  in  the  cell  in  the  amounts  given  in 
Table  2. 


Table  2.  Impurities  Not  Influencing  Results 

Sulfur  Compounds 


Ethyl  sulfide 

0.1 

Ethyl  sulfone 

0.1 

Ethyl  disulfide 

0. 1-0.2 

Butyl  sulfone 

0.1 

Carbon  disulfide 

0.2 

Sodium  cymene  sulfonate 

0.1 

Thiophene 

0.1 -0.6 

/?-Trithioacetaldehyde 

0.7 

Reducing  Substances 

Formaldehyde 

0.04-0.40  Acetaldehyde 

0.04-0.40 

Miscellaneous 

Nitrobenzene 

2.0 

Phenol 

0.1 

Fuchsin 

0.004 

Pyridine 

10 

Sodium  oleate 

0.1 

Light  nitrogen  bases® 

0.4 

Sodium  sulfate 

1.4 

Medium  nitrogen  bases® 

0.4 

Magnesium  sulfate 

0.5 

Heavy  nitrogen  bases® 

0.4 

Aluminum  sulfate 

0.5 

Purified  naphthenic  acids® 

0.4 

Sodium  bicarbonate 

0.1 

Crude  naphthenic  acids® 

0.4 

a  Separated  from  California  crude  oil. 

Determinations  were  not  influenced  by  the  presence  of  chloride  ion. 
The  end  point  of  mercaptan  titration  is  reached  long  before  the  precipita- 
tion  of  the  chloride  ion  begins.  Figure  18.3  shows  a  titration  of  a  solution 
of  n -butyl  mercaptan  with  and  without  chloride  added. 
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Fig.  18.3.  Titration  of  n -butyl  mercaptan  in  alcohol:  1,  in  the  absence  of  chloride: 
2,  in  the  presence  of  chloride. 


oxidizing  substances,  peroxides.  The  determination  of  mercaptans  in 
the  presence  of  peroxides  is  often  required,  although  this  fact  is  not 
generally  appreciated  in  the  literature  concerned  with  the  determination 
of  mercaptans  in  petroleum  products.  Occurrence  of  peroxide  in  gasolines 
is  common,  and  the  oxidation  of  mercaptans  may  proceed  very  slowly 
when  both  substances  are  present  in  concentration  often  found  in 
gasolines  (6).  The  present  procedure  gives  reliable  results  in  the  presence 
of  reasonable  amounts  of  hydrogen  peroxide,  ethyl  ether  peroxide,  and 
organic  peroxides  formed  in  cracked  gasoline  when  exposed  to  ultraviolet 
light. 


INFLUENCE  OF  CONCENTRATION 

A  number  of  mercaptans  purchased  from  Eastman  Kodak  Company 
were  analyzed.  A  weighed  amount  was  dissolved  in  kerosene  and  the 
solution  was  titrated  at  various  dilutions.  In  all  cases  the  end  point  was 
reached  at  or  near  —0.100  volt.  This  value  was  found  experimentally  to 
coincide  nearly  with  the  end  point  of  the  precipitation  of  silver  iodide  in 
the  same  solution,  from  which  it  is  concluded  that  the  solubility  of  silver 
6.  J.  A.  C.  Yule  and  C.  P.  Wilson,  Jr.,  Ind.  Eng.  Chem.,  23,  1254  (1931). 
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mercaptides  is  approximately  equal  to  (somewhat  lower  than)  the  solubil¬ 
ity  of  silver  iodide.  The  variations  with  individual  mercaptans  were  too 
small  to  be  considered  for  analytical  purposes.  Table  3  shows  the  in¬ 
fluence  of  dilution  on  the  analyses  and  gives  an  estimate  of  the  absolute 
accuracy  of  the  method. 

accuracy.  The  principles  on  which  the  method  is  based  and  the  free¬ 
dom  of  interference  by  many  impurities  allow  the  conclusion  that  the 
absolute  accuracy  is  high.  The  samples  analyzed  were  not  chemically  pure 
preparations,  and  therefore  the  purity  calculated  from  the  analyses  would 
be  expected  to  remain  below  100%,  as  it  actually  did  in  all  cases.  To 
prove  experimentally  the  absolute  accuracy,  pure  mercaptans  should  be 
analyzed.  An  attempt  was  made  to  purify  a  sample  of  n -butyl  mercaptan 
by  fractionation  in  nitrogen  atmosphere.  The  last  fraction  boiled  at  98.0 
to  98.3°C  (760mmHg),  had  a  refractive  index  =  1.4425,  n&  = 
1.4329,  and  analyzed  by  the  Carius  method  35.50%  sulfur  (calculated 
35.57%  sulfur).  A  weighed  amount  of  this  material  was  dissolved  in 
kerosene,  and  a  10-cc  sample  was  titrated. 

The  potentiometric  analysis  indicated  a  purity  of  93.3%  on  the  original 
sample  before  fractionation.  The  purified  sample  analyzed  97.6%  (aver¬ 
age)  by  the  potentiometric  method,  and  97.1%  by  the  iodometric  method 
of  Kimball,  Kramer,  and  Reid  (7),  given  below. 

precision.  The  relative  accuracy  of  individual  determinations  is  gov¬ 
erned  by  two  factors — the  solubility  of  the  sample  in  alcohol  and  the 
amount  of  silver  nitrate  consumed  per  sample.  The  end  point  of  titrations 
can  be  established  with  an  accuracy  of  ±0.02  cc.  This  amount  indicates 
2x  10-7  mole  of  mercaptan  in  the  sample,  which  should  be  the  error  in 
the  absolute  amount  of  mercaptan  found  in  the  titration. 

The  authors  of  this  book  have  used  the  method  of  Tamele  and  Ryland 
on  ethyl,  amyl,  and  dodecyl  mercaptans;  cysteine;  and  2-mercapto- 
pyridine.  Accuracies  of  ±1%  of  theoretical  were  obtained,  with  precision 

of  ±0.5%. 


Adapted  from  P.  K.  C.  Tseng,  and  W.  F.  Gutknechy 

[Anal.  Chem.,  47,  2316  (1975)] 

Several  mercaptans  have  been  measured  in  alkaline  solution  by  a  direct 
potentiometric  method  with  a  silver  sulfide  electrode.  Nernstian  responses 
were  shown  by  the  electrode. 

7.  J.  W.  Kimball,  R.  L.  Kramer,  and  E.  E.  Reid,  J.  Am.  Chem.  Soc .,  43,  1199-1200 
(1921). 
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Table  3.  Influence  of  DUution 


Mercaptan 

Present 

Found 

Purity  of  Sample 

°/ 

/o 

°/ 

/o 

% 

Ethyl 

0.3229 

0.2706 

83.8 

0.3229 

0.2761 

85.5 

0.0807 

0.0684 

84.7 

0.0202 

0.0176 

87.2 

Isopropyl 

0.3816 

0.3220 

84.4 

0.3816 

0.3180 

83.3 

0.3816 

0.3160 

82.8 

0.0954 

0.0789 

82.7 

0.0239 

0.0195 

81.6 

//-Butyl  (1) 

0.4109 

0.3895 

94.9 

0.1027 

0.0968 

94.3 

0.0257 

0.0243 

94.6 

//-Butyl  (2) 

0.2877 

0.2681 

93.2 

0.2877 

0.2681 

93.2 

0.2877 

0.2681 

93.2 

0.2677 

0.2674 

92.9 

//-Butyl  (3) 

0.1041 

0.0971 

93.3 

0.01041 

0.0097 

93.2 

0.001041 

0.0010 

96.1 

Isobutyl 

0.3860 

0.3680 

95.4 

0.3860 

0.3690 

95.6 

0.0965 

0.0924 

95.8 

0.0242 

0.0231 

95.5 

//-Amyl 

0.4036 

0.3945 

97.8 

0.1009 

0.0984 

97.5 

0.0252 

0.0246 

97.6 

0.0252 

0.0250 

99.2 

/z-Heptyl 

0.4149 

0.4110 

99.1 

0.4149 

0.41 10 

99.1 

0.1037 

0.1023 

98.7 

0.0259 

0.0258 

99.6 

0.0259 

0.0258 

99.6 

Benzyl 

0.4002 

0.3898 

97.4 

o-Thiocresol 

0.4013 

0.3377 

84.2 

0.1004 

0.0846 

84.3 

0.0250 

0.0206 

82.4 
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EXPERIMENTAL 

The  mercaptide  ion  selective  electrode  used  was  prepared  in  the 
laboratory.  To  prepare  a  membrane,  0.5  gram  of  reagent  grade  silver 
sulfide  was  ground  with  a  mortar  and  pestle  and  then  compressed  in  a 
potassium  bromide  die  at  30,000  psi.  The  resulting  membrane  had  a 
thickness  of  1  mm  and  was  quite  rugged.  This  membrane  was  attached  to 
a  glass  tube  with  epoxy  resin.  Before  the  electrode  was  used,  the  mem¬ 
brane  surface  was  polished  on  Microcloth  (Buehler  Ltd.)  with  0.05-/u,m 
alumina  as  the  polishing  agent.  The  filling  solution  of  this  electrode  was 
0.004M  silver  nitrate  solution  and  the  internal  electrode  was  a  silver  wire. 
The  reference  electrode  was  a  saturated  calomel  electrode.  The  connec¬ 
tion  between  the  reference  electrode  and  the  test  solution  was  made  with 
a  fiber-tipped  secondary  junction  filled  with  1 M  potassium  nitrate  solu¬ 
tion.  The  laboratory-made  sulfide  electrode  responded  linearly  to  mer¬ 
captan  in  sodium  hydroxide  solution  over  a  concentration  range  of  0.1  to 
10'6M 

Cysteine  solutions  were  0.1M  in  sodium  hydroxide,  the  thioglycolic 
acid  solutions  in  1.0M  sodium  hydroxide  and  the  2-mercaptoethanol  and 
3-mercaptopropionic  acid  in  either  1.0  or  5.0 M  sodium  hydroxide.  These 
high  concentrations  of  base  were  found  to  be  necessary  to  obtain  rapid, 
stable  responses.  Oxidation  of  these  mercaptans  was  not  a  serious  prob¬ 
lem  under  the  conditions  used.  In  addition,  the  sodium  hydroxide  solu¬ 
tions  maintained  both  the  pH  and  ionic  strength  of  the  solutions  at 
constant  values.  Water  was  purified  by  deionization  followed  by  distilla¬ 
tion. 

All  the  cell  emf  measurements  were  made  with  a  Beckman  Model 
SS-3  pH  meter.  Solutions  were  stirred  during  each  measurement,  and  the 
solution  temperatures  were  ambient  at  20  to  21°C.  The  final  potential  of 
each  test  solution  was  taken  as  the  point  at  which  the  measured  potential 
changed  less  than  0.5  mV  over  a  5-minute  period.  Replicate  measure¬ 
ments  were  reproducible  to  within  ±1  mV  if  care  was  taken  to  repolish 
the  electrode  surface  lightly  after  each  measurement. 


RESULTS  AND  DISCUSSION 

Linear  plots  were  obtained  for  the  measured  potential  versus  logarithm 
of  the  mercaptan  concentration  for  the  four  compounds,  2-mercapto¬ 
ethanol,  3-mercaptopropionic  acid,  thioglycolic  acid,  and  cysteine.  e 
detection  limits  were  all  about  1 0~*M.  The  electrode  response  times  were 
only  a  few  minutes  for  these  and  other  mercaptans  tested. 
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Freshly  prepared  solutions  of  the  four  mercaptans  showed  constant 
potential  values  during  a  minimum  of  4  hours,  indicating  no  rapi 
oxidations.  The  other  mercaptans  tested,  1,2-dithioethane 
thiophenol,  showed  unstable  potentials.  White  precipitates  formed  in 
these  two  mercaptans  on  standing.  Evidence  from  infrared,  nuclear 
magnetic  resonance,  and  mass  spectrometric  measurements  supported  the 
conclusion  that  these  precipitates  were  disulfides  formed  as  oxidation 

products: 

4RSH  +  02  2RSSR  +  2H20 


Thioacetic  acid  hydrolyzes  easily  and  the  ion  detected  was  the  sulfide  ion, 

s2-. 


AMPEROMETRIC  TITRATION 

One  advantage  amperometric  titration  has  over  the  potentiometric 
titration  is  a  more  sensitive  end  point  indication  in  the  low  concentration 
ranges. 


Method  of  I.  M.  Kolthoff  and  W.  E.  Harris 

[ Adapted  from  Ind.  Eng.  Chem.,  Anal.  Ed.,  18,  161-2  (1946)] 

AgN03  +  RSH  -*  RSAg  +  HN03  (removed  by  NH4OH) 

A  rotating  platinum  wire  electrode  is  the  indicator  in  this  method.  The 
mercaptan  is  titrated  with  silver  nitrate.  When  excess  of  silver  ion  is 
added,  an  increase  in  current  is  noted  on  a  microammeter.  A  plot  of 
current  versus  milliliters  of  reagent  will  show  a  sharp  break  at  the  end 
point  (see  Fig.  18.6).  If  the  titration  is  carried  out  in  ammoniacal  solution, 
chlorides  and  small  amounts  of  bromides  will  not  interfere. 


APPARATUS 

Figure  18.4  illustrates  the  complete  set  up.  The  platinum  wire  electrode  (Fig. 
18.5)  is  6  to  8  mm  long  and  0.5  mm  in  diameter.  An  ordinary  stirring  motor  can 
be  used  to  rotate  the  electrode. 

The  reference  electrode  F  has  a  potential  of  -0.23  volt  (against  the  saturated 
calomel  electrode).  The  electrolyte  for  the  reference  half-cell  is  prepared  by 
dissolving  4.2  grams  of  potassium  iodide  and  1.3  grams  of  mercuric  iodide  in 
100  ml  of  saturated  potassium  chloride  solution.  A  layer  of  mercurv  serves  as  the 
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Fig.  18.4.  Amperometric  titration  apparatus. 


Side  view 


Direction 
of  rotation 


Top  view 


Fig.  18.5.  Rotating  platinum  electrode. 
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disk  may  be  inserted.  For  further  protection  against  contamination  with  lodid 

the  tub/  B  having  an  agar  or  fine  sintered-glass  plug,  can  be  inserted  over  the 

agar-filled  glass  tube  D.  The  electrolyte  solution  C  (saturated  potassium  chloride) 

used  in  the  tube  B  can  be  rinsed  out  and  replaced  as  soon  as  it  becomes 

contaminated  with  iodide.  It  is  essential  that  all  sources  of  high  resistance  such  as 

air  bubbles  be  eliminated  from  the  salt  bridge.  .  .  ,  ,  fhe% 

To  complete  the  circuit,  the  two  half-cells  are  short  circuited  through 

microammeter  G.  For  the  experiments  used  to  test  this  procedure,  a  Weston 

(Weston  Electrical  Instrument  Corp.,  Newark,  N.J.),  Model  430,  microammeter 

was  used.  Instead  of  the  microammeter,  other  current-indicating  devices  may  be 

used,  such  as  a  pointer  galvanometer  with  a  sensitivity  of  0.25  A  per  division  on 

the  attached  scale. 


REAGENTS 

Standard  silver  nitrate,  0.005N. 
Ethanol,  95%. 

Concentrated  ammonium  hydroxide. 
Ammonium  nitrate. 


PROCEDURE 

Place  a  sample  containing  about  5  mg  of  mercaptan  sulfur  in  a  250-ml 
beaker  and  dissolve  in  100  ml  of  95%  ethanol.  Make  the  solution  about 
0.25 M  with  respect  to  ammonium  hydroxide  and  0.01  to  0.1M  with 
ammonium  nitrate.  Immerse  the  end  of  the  salt  bridge  and  the  rotating 
platinum  electrode  in  the  solution  and  titrate  the  solution  with  0.005M 
silver  nitrate.  Read  the  diffusion  current  after  each  addition;  the  incre¬ 
ments  of  silver  nitrate  solution  should  be  small  when  close  to  the  end 
point.  Add  a  few  more  small  portions  of  silver  nitrate  solution  when  the 
ammeter  shows  that  the  end  point  has  been  passed.  Then  plot  the 

ammeter  readings  against  the  milliliters  of  silver  nitrate  added.  The  curve 
will  resemble  Fig.  18.6. 

Draw  a  straight  line  through  the  points  before  the  end  point  and 
another  straight  line  through  the  points  just  after  the  end  point.  The 
intersection  of  these  lines  will  correspond  to  the  end  point.  There  is 
usually  no  recordable  current  before  the  end  point  in  these  titrations. 
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Ml  AgNC>3  solution 
Fig.  18.6 


The  platinum  electrode  may  become  insensitive  or  erratic  after  long  use 
or  when  titrating  large  amounts  of  mercaptans.  The  sensitivity  can  be 
restored  by  wiping  the  electrode  with  a  cloth. 

Some  samples  have  a  bad  effect  on  the  platinum  electrode.  As  soon  as 
the  first  excess  of  silver  nitrate  is  indicated  on  the  ammeter,  stop  the 
rotating  electrode  and  wipe  it.  Add  another  small  increment  of  silver 
nitrate,  start  the  rotating  again,  and  take  the  reading.  Repeat  this  proce¬ 
dure  j  wipe  the  electrode  after  addition  of  each  portion  of  silver  nitrate, 
and  take  the  reading  immediately  after  the  electrode  is  started. 

The  electrodes  should  be  thoroughly  cleaned  with  concentrated  nitric 
acid  when  it  is  deemed  necessary.  When  a  new  or  freshly  cleaned 
electrode  is  placed  in  an  ammoniacal  silver  solution  and  the  cell  is 
short-circuited,  a  large  current  of  20  to  30  ja  A  may  be  observed.  The 
current  decreases  rapidly  and  is  practically  zero  after  5  -to  10  minutes. 

This  procedure  is  very  accurate  and  is  simple  to  carry  out.  Moreover, 
the  same  type  of  amperomeric  titration  can  be  used  to  determine  halides, 
alone  and  in  the  presence  of  each  other,  and  cyanides.  Samples  containing 
more  than  2  mg  of  mercaptan  sulfur  can  be  determined  with  the  accuracy 
and  precision  of  ±0.3%.  Substances  used  to  test  this  procedure  were 
ethyl,  amyl,  n-dodecyl,  and  cyclopentyl  mercaptans,  and  also  mercaptans 
in  the  C12  range  whose  purity  was  predetermined  by  another  method. 


ACIDIMETRIC  SILVER  METHOD 

The  direct  titrations  with  silver  ion  just  shown  are  quite  widely  applica- 
ble  Interference  with  halides  does  not  often  occur,  since  the  d.ssoc.at.on 
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of  the  silver  mercaptides  is  small  enough  to  be  differentiated  by  potentio- 
metric  methods  in  ammoniacal  systems.  Halide  interference  can 
however,  especially  with  bromide  or  iodide  and  cyanide  interference  is 

m  TherHsTmethod  by  which  excess  silver  nitrate  is  added,  forming  the 
mercaptide  and  an  equivalent  amount  of  nitric  acid.  The  titration  of  this 
acid  can  be  used  to  determine  mercaptans.  Indicator  end  points  can  be 
used  in  the  silver  approach. 


Method  of  B.  Saville 

[ Adapted  from  Analyst,  86 ,  29-32  (1961)] 

Methods  based  on  this  principle,  have  been  proposed  by  Sampey  and 
Emmet  Reid  (8)  and  by  Mapstone  (9).  The  former  workers  utilized  the 
related  reaction  involving  mercuric  chloride  and  titrated  the  liberated 
hydrochloric  acid  to  a  methyl  red  or  methyl  orange  end  point,  the 
disadvantage  mentioned  was  that  the  rather  acidic  solution  at  the  equival¬ 
ence  point  in  the  titration  led  to  slightly  low  results.  Titration  to  a  higher 
pH  was  impossible,  since  mercuric  oxide  or  hydroxide  would  have  been 
formed,  thereby  invalidating  the  titration.  Mapstone  used  silver  sulfate 
and  titrated  the  liberated  sulfuric  acid. 

In  this  work,  a  weighed  amount  of  the  thiol  is  added  to  an  excess  of 
silver  nitrate  dissolved  in  aqueous  pyridine,  the  mixture  is  diluted  with 
water,  and  the  pyridinium  nitrate  formed  is  titrated  with  standard  alkali 
to  a  phenolpnthalein  end  point.  The  reaction,  involving  coordinated  silver 
ions  (PynAg+),  is 

Py„Ag+  +  RSH^±  (n  -  l)Py  +  PyH+  +  AgSR 
The  use  of  the  aqueous  pyridine  solvent  has  several  advantages: 

1.  The  thiol  is  soluble  in  this  medium,  so  that  the  mercaptide  precipi¬ 
tate  does  not  occlude  unreacted  thiol. 

2.  Since  the  silver  ions  are  coordinated,  there  is  little  possibility  of  the 
phenolphthalein  end  point  being  in  error. 

3.  Decomposition  of  the  silver  salts  of  certain  unsaturated  thiols  to 
silver  sulfide,  a  reaction  occurring  in  the  presence  of  excess  of  free  silver 
ions,  is  avoided. 

4.  The  removal  of  free  protons  as  PyH+  ensures  that  the  mer<;aptide- 
forming  reaction  is  quantitative  and  that  the  reverse  reaction  is  avoided. 

8.  J.  R.  Sampey  and  E.  Emmet  Reid,  J.  Am.  Chem.  Soc.,  54,  3404  (1932). 

9.  G.  E.  Mapstone,  Austral.  Chem.  Inst..  J.  Proc..  13,  232,  373  (1946). 
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REAGENTS 

Pyridine,  reagent  grade. 

Silver  nitrate,  approximately  0.4 M,  aqueous. 
sodium  hydroxide,  0.1N,  aqueous.  Standardize  this  solution  with  pure  potas¬ 
sium  hydrogen  phthalate. 


PROCEDURE 

To  15  ml  of  pyridine  in  a  stoppered  250-ml  Erlenmeyer  flask,  add  an 
accurately  weighed  amount  (0.0010-0.0018  mole)  of  the  thiol.  As  soon  as 
possible,  gradually  add  from  a  pipet  5  ml  of  the  silver  nitrate  solution. 
Insert  the  stopper  and  set  the  flask  aside  for  5  minutes.  Add  about  100  ml 
of  distilled  water  and  3  to  4  drops  of  phenolphthalein  indicator  solution, 
and  titrate  with  0.1N  sodium  hydroxide  to  a  light  pink  end  point.  Note 
that  the  end  point  is  often  recognized  as  a  change  in  the  color  of  the 
yellow  silver  mercaptide  to  white,  since  the  pink  tint  of  the  supernatant 
aqueous  phase  is  almost  complementary  to  the  yellow  of  the  precipitate. 

A  simple  mixture  of  the  silver  nitrate  solution  and  pyridine  was  found 
to  be  neutral  to  phenolphthalein  and  sensitive  to  1  drop  of  added  0.1N 
sodium  hydroxide;  hence  no  blank  correction  is  necessary. 


CALCULATION 

10  ml  of  0.1N  sodium  hydroxide  =  0.001  group  equivalent  of  — SH 
The  percentage  purity  of  the  thiol  is  given  by  the  expression 

Milliliters  of  NaOH  x  NNaOH  x  equivalent  wt.  of  thiol,  x  100 

Weight  of  thiol  taken  x  1000 

The  results  (Table  4)  indicate  that  the  method  can  be  applied  to  the 
assay  of  both  saturated  and  unsaturated  primary  and  secondary  thiols  and 
to  tertiary  aliphatic  thiols.  The  validity  of  the  method  is  shown  particu¬ 
larly  by  the  results  for  2-methylpentane-2-thiol  (10),  since  this  compound 
was  demonstrated  to  be  pure  by  careful  gas-liquid  chromatographic 

The  reproducibility  of  results  by  the  technique  can  be  judged  from  the 
results  for  but-2-ene-l-thiol  and  4-methylpent-3-ene-2-thiol.  These  two 
sets  of  results  suggest  that  a  mean  deviation  of  0.14%  and  a  maximum 
deviation  of  0.37%  might  be  accepted  as  a  provisional  description  ot  the 

consistency  of  the  method. 

10  D.  F.  Lee,  B.  Saville,  and  B.  R.  Trego,  Chem.  Ind..  1960,  868. 
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Table  4.  Purities 

Sample 

Ethanethiol® 

But-2-ene-l -thiol 

2-Methylpropane-2-thiol 

2-Methylpent-2-ene-l-thiol,' 

4-Methylpent-3-ene-2-thiol 

2-Methylpentane-2-thiol 

2- Methylpentane-3-thiol 
Heptane-4-thiol 

3- Methylhexane-3-thiol 
Dodecane-1 -thiol 


of  Various  Thiols 


lolecular 

Weight 

Calculated 
Purity,  % 

62.08 

100.4 

101.0 

88.11 

96.8 

96.7 

96.7 

96.6 

96.9 

90.18 

83.8 

82.8 

100.6 

100.0 

116.2 

98.5 

98.6 

116.2 

100.1 

100.1 

99.5 

100.0 

100.1 

118.2 

100.2 

100.1 

118.2 

97.9 

132.3 

97.3 

96.9 

132.3 

99.3 

99.5 

202.4 

98.1 

98.3 

"  Results  for  this  thiol  refer  to  the  contents  of  com¬ 
mercially  supplied  ampoules  immediately  after  being 
opened. 

b  Other  isomeric  thiols  present  in  sample. 


Oxidation  Methods 

IODINE  METHOD 

Adapted  from  J.  W.  Kimball,  R.  L.  Kramer,  and  E.  E.  Reid 

[J.  Am.  Chem.  Soc.,  43 ,  1199-1200  (1921)] 

2RSH  + 12  RSSR  +  2HI 
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REAGENTS 

Standard  iodine,  0.1  N. 
Sodium  thiosulfate,  0.1N. 
Starch-indicator  solution. 


PROCEDURE 

Weigh  a  sample  containing  0.002  to  0.003  equivalent  of  mercaptan  in  a 
sealed  glass  ampoule  (pp.  862-4).  Place  the  ampoule  in  a  250-ml  glass- 
stoppered  Erlenmeyer  flask  with  50  ml  of  0.1  N  iodine  and  some  glass 
beads  to  aid  in  breaking  the  ampoule.  Shake  the  flask  vigorously  to  break 
the  ampoule,  and  continue  shaking  to  assure  complete  reaction.  Titrate 
the  excess  iodine  with  0.1N  standard  sodium  thiosulfate,  using  indicator. 


CALCULATIONS 


CxiV  Thiosulfate x mol.  wt.  of  mercaptan x  100 
Grams  of  sample  x  1000 


where 


mercaptan 


A  =  milliliters  of  thiosulfate  needed  for  50  ml  of  the  iodine  used 
B  =  milliliters  of  thiosulfate  used  in  titration 

C  =  A  -  B  =  milliliters  of  thiosulfate  equivalent  to  the  mercaptan  present 
The  following  mercaptans  were  used  to  test  this  procedure:  methyl, 
ethyl,  propyl,  w -butyl,  sec -butyl,  isobutyl,  isoamyl,  phenyl,  p-cresyl,  2- 
naphthyl.  Mercaptans  determined  by  other  authors  were  lauryl  mercap¬ 
tan,  /3-mercaptoethanol,  and  terpene  mercaptan.  This  procedure  is 
reproducible  to  ±0.4%.  Hydrogen  sulfide  will  interfere,  as  will  any 
material  oxidized  by  iodine. 


CUPRIC  ION  OXIDATION  METHODS 

Adapted  from  the  Cupric  Alkyl  Phthalate  Method  of  E.  Turk  and  E.  E.  Reid 


\Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  713-4  (1945)] 

This  method  involves  the  oxidation  of  mercaptans  with  the  cupric  ion 
as  follows: 


2Cu2+  +  4RSH  -»  2CuSR  +  RSSR  +  4H+ 
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would  be  oxidized  in  the  iodine  method,  thus  yielding  erroneous  results. 
Unsaturated  compounds  will  also  not  interfere  in  this  procedure  whereas 
they  usually  do  in  the  iodine  method.  Hydrogen  sulfide  will  interfere  in 
deprocedure  because  of  precipitation  of  copper  sulfide.  No  interference 
was  observed  by  hydrogen  cyanide,  organic  thiocyanates,  organic  sulfides, 
thiocyanoacetates,  and  terpenes. 


REAGENTS 

I 

cupric  butyl  phthalate.  To  50  ml  of  n-butanol  contained  in  a  500-ml 
Erlenmeyer  flask,  add  74  grams  of  finely  divided  phthalic  anhydride.  Heat  the 
mixture  with  agitation  to  about  105°C.  (The  phthalic  anhydride  should  not  be 
allowed  to  hydrate  by  exposure  to  moisture.  A  sample  of  anhydride  should  remain 
clear  when  heated  to  131°C  in  a  test  tube.)  Stop  the  heating  while  continuing 
the  agitation.  The  temperature  continues  to  rise  to  120°C,  and  the  mixture  be¬ 
comes  clear  in  a  few  minutes.  Then  cool  the  solution  and  pour  it  into  a  solution  of 
20  grams  of  sodium  hydroxide  in  1500  ml  of  water.  If  the  resulting  solution  is  not 
acid,  it  should  be  made  so  with  acetic  acid.  Filter  the  solution  into  a  4-liter 
beaker.  Slowly  pour  a  solution  of  65  grams  of  cupric  sulfate  (pentahydrate)  in 
500  ml  of  water  (filtered  to  remove  any  solid  particles)  into  the  butyl  phthalate 
mixture,  with  vigorous  agitation.  Collect  the  cupric  butyl  phthalate  that  precipi¬ 
tates  on  a  Buchner  funnel,  wash  with  water,  and  dry  in  air.  Pulverize  the 
precipitate  in  a  mortar  and  dry  in  a  vacuum  desiccator.  The  yield  is  about  95%. 

The  purity  of  the  cupric  butyl  phthalate  has  to  be  determined,  since  this 
material  is  used  as  the  standard.  Dissolve  a  0.3-  to  0.5-gram  sample  in  5  ml  of 
glacial  acetic  acid,  dilute  with  50  ml  of  water,  and  determine  the  copper  iodomet- 
rically.  The  cupric  butyl  phthalate  is  stable  for  very  long  periods  of  time. 
cupric  octyl  phthalate.  This  reagent  is  prepared  exactly  as  the  cupric  butyl 
phthalate  except  that  68  grams  of  n-octanol  is  used  instead  of  the  n -butanol. 
Cupric  octyl  phthalate  is  difficult  to  filter,  and  washing  by  decantation  is  often 
necessary.  Cupric  butyl  phthalate  is  more  easily  prepared  and  is  more  generally 
applicable.  Therefore,  there  is  no  need  to  use  the  cupric  octyl  phthalate. 

For  the  standard  solutions,  use  25.29  grams  of  the  cupric  butyl  phthalate  (or 

30.9  grams  of  cupric  octyl  phthalate)  to  prepare  a  0.1N  solution.  If  P  =  purity  of 

the  cupric  butyl  phthalate,  25.29x100 IP  grams  is  required  for  a  0.1N  solution. 

Weigh  the  cupric  butyl  phthalate  into  a  1-liter  volumetric  flask,  dissolve  in  50  ml 

of  acetic  acid,  and  dilute  to  1  liter  with  Pentasol,  a  mixture  of  the  isomers  of  amyl 

alcohol  (butanol,  pentanol,  or  any  hydrocarbon  solvent  can  be  used).  Standardize 

the  solution  by  the  methods  of  Weatherburn,  Weatherburn,  and  Bayley  (11). 

11.  A.  S.  Weatherburn,  M.  W.  Weatherburn,  and  C.  H.  Bayley,  Ind.  Eng.  Chem  Anal 
Ed.,  16,  703  (1944). 
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which  consists  of  pipetting  a  sample  of  solution  containing  about  50  to  100  mg  of 
copper  into  a  beaker  and  adding  10  ml  of  1:1  hydrochloric  acid.  Boil  the  mixture 
for  2  to  5  minutes,  then  cool  and  pour  into  a  separatory  funnel.  Draw  off  the 
aqueous  layer,  and  wash  the  organic  layer  three  times  with  15  ml  of  water; 
combine  the  water  washings  with  the  original  water  layer.  If  the  oil  and  water 
layers  tend  to  emulsify,  3  to  5  ml  of  isopropyl  alcohol  can  be  added.  Make  the 
water  solution  alkaline  with  ammonium  hydroxide  and  then  very  slightly  acidic 
with  glacial  acetic  acid.  Add  about  2  grams  of  potassium  iodide,  and  titrate  the 
liberated  iodine  with  0.1N  thiosulfate,  starch  indicator  being  used. 

The  standardization  should  be  carried  out  at  about  the  same  temperature  as 
that  in  the  procedure  given  below.  A  10°  temperature  difference  causes  about  a 

f  octyl  1 

0.1-ml  error  per  10-ml  titration.  The  normality  of  the  cupric  ]  [  phthalate 


butyl 


can  be  expressed  as 


Milliliters  of  thiosulfate xNx 2 
Milliliters  of  copper  solution 


=  N  copper  solution 


(The  factor  2  in  the  numerator  is  due  to  the  reaction  of  2  moles  of  mercaptan  per 
mole  copper  reagent.) 

The  cupric  alkyl  phthalate  solutions  are  stored  in  dark  bottles  to  retard 
peroxide  formation.  Solutions  containing  considerable  amounts  of  precipitate 
should  be  discarded. 


PROCEDURE 


Weigh  a  sample  containing  0.1  to  0.3  gram  of  mercaptan  (depending  on 
molecular  weight)  into  a  125-ml  Erlenmeyer  flask  containing  50  ml  of 
Pentasol  (a  synthetic  amyl  alcohol,  a  mixture  of  five  of  the  isomers  of 
amyl  alcohol)  or  any  hydrocarbon  solvent.  Weigh  low-boiling  mercaptans 
in  sealed  ampoules  (pp.  862-864).  Titrate  the  contents  of  the  flask  with  the 
standard  cupric  alkyl  phthalate  solution.  Add  the  copper  solution  in 
increments  of  about  0.5  ml  until  the  end  point  is  almost  reached.  The  end 
point  is  the  persistence  of  the  blue-green  color  of  the  reagent.  The 
solution  may  darken  during  the  titration,  but  it  clears  before  the  end 
point.  The  end  point  can  be  observed  more  readily  when  the  flask  is 

illuminated  and  viewed  against  a  white  background. 

In  some  cases,  particularly  with  mercaptans  of  low  molecular  weight, 


Mercaptans 


727 


'  CALCULATIONS 

1  ml  of  IN  cupric  alkyl  phthalate  =  0.0331  grams  of  — SH 

If  V  is  the  volume  used  in  titration,  N  the  normality  of  copper  reagent, 
and  W  the  sample  weight, 

( V— blank) xjVx 0.033 1  x  100  _  0/  _ 

W  ° 

This  method  is  quite  generally  applicable  to  all  types  of  mercaptan. 
Two  mercaptans  that  cannot  be  determined  are  thioglycolic  acid  and 
dithioethylene  glycol.  Methyl  and  butyl  thioglycolates,  however,  behave 
normally. 

Mercaptans  used  to  test  this  procedure  were  pentadecanethiol;  methyl 
and  butyl  thioglycolate;  terpene  mercaptan;  n -butyl,  isobutyl,  tert- butyl, 
lauryl,  and  cetyl  mercaptans;  2-mercaptoethanol.  This  method  is  accurate 
and  precise  to  about  ±1%. 


Adapted  from  the  Method  of  S.  Bose,  M.  P.  Sahasrabuddhey,  and  K.  Verma 

[ Talanta ,  23,  725-6  ( 1976 )] 

In  this  method  the  sample  dissolved  in  water,  methanol,  dimethyl- 
formamide,  or  acetonitrile  is  treated  with  a  measured  excess  of  copper 
sulfate.  The  excess  ion  is  then  back-titrated  with  a  standard  mercaptoace- 
tic  acid  solution.  This  procedure  overcomes  end  point  difficulties  encoun¬ 
tered  in  the  direct  titration  of  some  mercaptans  and  permits  the  determi¬ 
nation  on  a  semimicro  scale. 

REAGENTS 


Standardized  0.1  M  copper  sulfate  and  0.1M  mercaptoacetic  acid,  standardized 
by  treatment  with  excess  of  iodine  and  thiosulfate  back-titration. 


PROCEDURE 

Weigh  a  sample  containing  0.3-1.0meq.  of  mercaptan  into  a  150-ml 
Erlenmeyer  flask  and  dissolve  it  in  20  ml  of  water,  methanol,  dimethyl- 
formamide,  or  acetonitrile.  Add  a  measured  excess  of  0.1  M  cupric  sulfate 
solution  and  swirl  for  1  minute.  Titrate  with  0.1  M  mercaptoacetic  acid 
rom  a  10-ml  buret  until  the  deep  violet  precipitate  first  formed  chances 
to  a  permanent  yellow.  Near  the  end  point,  titrate  slowly  with  vigorous 

sZ  ion  3  blank  determination  on  the  same  volume  of  cupric  sulfate 
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RESULTS  AND  DISCUSSION 


A  wide  variety  of  mercaptans,  including  primary,  secondary,  and  ter¬ 
tiary  compounds,  was  examined.  In  all  cases  the  reaction  was  rapid  and 
complete,  and  the  end  point  was  unaffected.  Table  5  compares  results 
obtained  by  this  method  and  by  independent  methods. 


Table  5.  Determination  of  Mercaptans  with  Copper(II) 


Purity,  % 


Compound 

Copper(II) 

Method" 

Comparison 

Method 

comparison 

Method 

Technique 

1-Dodecanethiol 

98.1 

98.2 

Hg2+  Titration6 

o-Mercaptobenzoic  acid 

96.6 

96.5 

Pb4+  Titrationc 

2-Mercaptoethanol 

99.1 

99.3 

Pb4+  Titrationc 

p-Chlorobenzenethiol 

99.3 

99.5 

Alkalimetry*1 

1-Butanethiol 

91.0 

90.8 

Iodimetry* 

Toluene-a -thiol 

98.6 

98.4 

Acetylation^ 

Allylthiol 

93.5 

93.6 

Pb4+  Titrationc 

3-Mercaptopropionic  acid 

100.0 

99.8 

Iodimetry*” 

Mercaptosuccinic  acid 

96.7 

96.5 

Hg2+  Titration6 

2-Mercaptopropionic  acid 

95.9 

95.7 

Iodimetry* 

2-Methylpropane-2-thiol 

99.0 

98.9 

Acetylation^ 

2-Naphthalenethiol 

98.2 

98.0 

Alkalimetry*1 

p-Toluenethiol 

97.6 

97.6 

Alkalimetryd 

2-Diethylaminoethanethiol 

98.6 

98.4 

Iodimetry* 

2-Mercaptobenzothiazole 

99.2 

99.0 

Alkalimetry*1 

2-Mercaptobenzimidazole 

97.8 

97.6 

Alkalimetry*1 

2-Mercaptobenzoxazole 

98.9 

98.8 

Alkalimetry*1 

2-Butanethiol 

97.9 

97.8 

Hg2+  Titration6 

Cyclohexanethiol 

95.3 

95.6 

Pb4+  Titrationc 

a  Average  of  10  determinations;  average  deviation  in  the  range  0.2  to  0.3%. 
b  J.  S.  Fritz  and  T.  A.  Palmer,  Anal.  Chem.,  33,  98  (1961). 
c  K.  K.  Verma  and  S.  Bose,  Anal.  Chim.  Acta,  65,  236  (1973). 
d  K.  K.  Verma,  Talanta,  22,  920  (1975). 

e  J.  W.  Kimball,  R.  L.  Kramer,  and  E.  E.  Reid,  J.  Am.  Chem.  Soc.,  43,  1199  (1921). 
f  G.  H.  Schenk  and  J.  S.  Fritz,  Anal.  Chem.,  32,  987  (1960). 


Organic  sulfides,  disulfides,  thiocyanates,  unsaturated  compounds, 
chloride,  bromide,  and  sulfite  do  not  interfere.  Serious  interference  is 
caused  by  thiourea  and  ions  such  as  sulfide,  thiosulfate,  thiocyanate,  an 
cyanide.  Ethylenedithiol  and  o-aminobenzenethiol  do  not  reduce  cop- 
per(II)  but  form  cupric  mercaptides. 


Mercaptans 


729 


Mixtures  of  Mercaptan  and  Free  Sulfur 


Davies  and  Armstrong  (12)  published  a  modification  of  the  potentio- 
metric  method  of  Tamele  and  Ryland  (pp.  708-714),  which  gave  separ 
potentiometric  peaks  for  the  titration  of  the  free  sulfur  and  the =  mercap^ 
tan.  Karchmer’s  expanded  form  of  the  approach  of  Davies  and 

Armstrong  is  given  below. 


Study  of  J.  H.  Hardliner 

[Reprinted  in  Part  from  Anal.  Chem.,  29,  425-31  (1957)] 

The  original  method  of  Tamele  and  Ryland  (13)  (pp.  708-714)  consists 
of  potentiometrically  titrating  the  sample  dissolved  in  alcohol  containing 
0.1N  sodium  acetate  to  buffer  the  solution,  with  an  alcoholic  solution  of 
silver  nitrate  using  a  silver  indicator  electrode  and  a  mercury-sodium 
acetate  half-cell.  Later  a  glass  electrode  was  employed  as  the  reference 
electrode  (14)  in  place  of  the  mercury-sodium  acetate  half-cell.  External 
calomel  cells  have  also  been  successfully  used.  These  cells  are  electrically 
connected  to  the  solution  by  an  agar-saturated  potassium  nitrate  bridge  to 
avoid  contaminating  the  solution  with  chloride  ions  from  the  calomel  cell. 
In  the  presence  of  hydrogen  sulfide  and/or  elemental  sulfur,  erroneous 
results  may  be  obtained  unless  the  titration  curve  is  correctly  interpreted. 
When  hydrogen  sulfide  is  present,  the  initial  potential  between  the  silver 
electrode  and  the  solution  is  approximately  -0.7  volt  (Fig.  18.7).  As  the 
silver  ion  is  added  to  the  solution,  silver  sulfide  is  precipitated,  and  after 
all  the  sulfide  ion  has  reacted,  the  potential  breaks  sharply  to  the  voltage 
characteristic  of  the  particular  mercaptan  present.  This  voltage  is  in¬ 
fluenced  largely  by  the  solubility  product  of  the  silver  mercaptide  in  the 
solvent.  For  rc-butyl  mercaptan  it  is  about  -0.35  volt.  Upon  continued 
addition  of  silver  ion  to  the  solution,  silver  mercaptide  begins  to  precipi¬ 
tate  and  finally  another  sharp  “break”  in  voltage  is  observed,  which 
corresponds  to  the  end  point  of  the  mercaptan  titration. 

The  presence  of  hydrogen  sulfide  presents  no  difficulty  because  the 
volume  of  silver  nitrate  used  to  reach  the  first  break  in  voltage  is  taken  as 
that  required  for  the  sulfide  ion,  and  the  volume  of  silver  nitrate  from  that 
point  to  the  last  break  in  voltage  is  taken  as  that  required  for  the 
mercaptan  sulfur.  In  calculating  the  sulfide  sulfur  content,  0.016  is  taken 
as  the  milliequivalent  weight;  0.032  is  taken  to  calculate  the  mercaptan 

12.  E.  R.  H.  Davies  and  J.  W.  Armstrong,  J.  Inst.  Petrol.  29,  323  (1943). 

13.  M.  W.  Tamele  and  L.  B.  Ryland,  Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  16  (1936). 

14.  Louis  Lykken  and  F.  D.  Tuemmler,  Ind.  Eng.  Chem.,  Anal.  Ed.,  14,  67  (1942). 
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Fig.  18.7.  Typical  titration  curve  of  hydrogen  sulfide  and  mercaptan 
with  silver  nitrate. 


sulfur  content.  When  elemental  sulfur  is  present  in  the  sample  with  a 
mercaptan,  a  reaction  occurs  which  is  accelerated  when  the  sample  is 
placed  in  an  alkaline  titrating  solvent.  One  of  the  products  of  the  reaction 
is  the  sulfide  ion  or  some  material  that  reacts  with  silver  ion  to  yield  a 
sharp  break  in  potential  in  the  region  of  the  sulfide  break.  Thus  when 
sulfur  is  present  with  the  mercaptan,  the  titration  characteristics  of  the 
sample  are  the  same  as  they  would  be  if  hydrogen  sulfide  were  present. 
Since  the  analyst  does  not  know  whether  hydrogen  sulfide  or  elemental 
sulfur  is  present,  he  must  treat  the  sample  to  remove  one  or  the  other  of 
these  materials  before  a  correct  interpretation  of  the  titration  curve  can 


be  made. 

Contact  with  mercury  to  remove  elemental  sulfur  is  not  satisfactory, 
since  this  treatment  partially  removes  the  mercaptans,  as  shown  by 
Schindler,  Ayers,  and  Henderson  (15).  This  finding  was  confirmed  in 
Karchmer’s  laboratory.  The  other  alternative  removal  of  hydrogen  sulfide 
by  washing  with  acidified  cadmium  salts  (16,  17),  has  been  recommended 
by  Davies  and  Armstrong  (18). 

15.  Hans  Schindler,  G.  W.  Ayers,  and  L.  M.  Henderson,  lnd.  Eng.  Chem.,  Anal.  Ed.,  13, 


16  RBorgstrom  and  E.  E.  Reid,  lnd.  Eng.  Chem.,  Anal  Ed  1,  l86‘1<^>' 

17.  W.  F.  Faragher,  J.  C.  Morrell,  and  G.  S.  Monroe,  Ind_EngChenu_19,  0927). 

18.  E.  R.  H.  Davies  and  J.  W.  Armstrong,  J.  Inst.  Petrol.  29,  323  (1 
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.  This  leaves  elemental  sulfur  in  the  sample,  which  will  react  with  the 
mercaptan  in  the  alkaline  solvent  to  yield  two  titration  breaks.  In  cal¬ 
culating  the  mercaptan  content,  however,  the  first  break  is  ignored  and 
the  total  volume  of  silver  nitrate  used  in  titrating  to  the  second  break  is 
employed  with  0.032  as  the  milliequivalent  weight. 

Davies  and  Armstrong  (18),  in  presenting  the  stoichiometric  relation¬ 
ship  between  the  elemental  sulfur  and  the  mercaptan,  postulate  the 
formation  of  an  intermediate,  sodium  alkyl  disulfide,  which  reacts  with 
silver  ion  to  produce  silver  sulfide  and  an  organic  trisulfide. 


(1) 

(2) 


2S+2RSNa  2RSSNa 
2RSSNa  +  2Ag+  Ag2S  +  R2S3 +  2Na 


At  the  first  break,  the  titration  corresponds  to  the  reaction  shown  in  eq. 
2,  whereas  the  second  break  corresponds  to  the  reaction  of  silver  ion  with 
the  remainder  of  the  mercaptan  sulfur. 


(3) 


Ag+  +  RSH  RSAg  +  H 


This  interpretation  indicates  two  facts  of  analytical  importance:  (1)  that 
the  mercaptan  content  of  a  sample  can  be  determined  even  though 
elemental  sulfur  is  present,  and  (2)  that  elemental  sulfur  itself  can  be 
determined  by  measurement  of  the  first  break.  In  both  cases  0.032  is  used 
as  the  milliequivalent  weight. 

In  using  this  method  with  synthetic  samples  of  many  types  it  was  found 
that  the  mercaptan  content  in  many  cases  was  low,  and  often  the  first 
break  did  not  correlate  with  the  amount  of  elemental  sulfur  present. 

Consequently,  an  investigation  was  undertaken  to  explain  some  of  the 
difficulties  and  to  determine  the  conditions  that  would  yield  complete 
recoveries  of  mercaptans  in  various  types  of  refinery  samples.  The  prac¬ 
tice  of  taking  the  sum  of  both  breaks  to  obtain  the  mercaptan  content  is 
satisfactory  for  certain  types  of  samples,  but  in  other  types  when  the  ratio 
of  mercaptan  sulfur  to  elemental  sulfur  is  less  than  1 : 1,  the  titration  must 
commence  immediately  after  the  sample  is  placed  in  the  titration  solvent; 

even  after  5  minutes,  noticeably  lower  results  are  obtained  (first  part  of 
Table  6). 


This  effect  may  be  largely  eliminated  by  the  use  of  a  more  acidic  type 
of  solvent.  In  the  course  of  this  work  there  was  some  experimental 
evidence  to  indicate  the  existence  of  the  monoalkyl  disulfide  ion  (RSS)~ 
as  postulated  by  Davies  and  Armstrong  (18).  This  ion  is  difficult  to  detect 
because  Us  silver  salt  decomposes  readily,  the  ion  degrades  to  yield  a 
sulfide  ion  on  standing  even  in  air-free  systems,  and  the  potential  pro¬ 
duced  by  this  ion  versus  the  silver  sulfide  electrode  is  very  nearly  the 
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Table  6. 


Sample 

Mercaptan 

plus 

Rhombic 

Sulfur 


n-Amyl 


Phenyl 


tert- Butyl 


Effect  of  Time  and  Sulfur  Content  on  Accuracy  of  Potentiometric  Mercaptan 

Determination 


Solvent 

Sulfur  Present  in 
Sample,  mg. 

Approxi¬ 

mate 

Time, 

min. 

Mercaptan  Elemental 

Ratio, 
SH:  S 

Regular 

2.47 

0 

Blank 

5 

120 

2.47 

5.04 

1:2 

5 

30 

60 

120 

2.47 

2.52 

1:1 

5 

30 

60 

120 

2.47 

0.81 

3:1 

5 

30 

60 

120 

Acidic 

2.47 

0 

Blank 

5 

120 

2.47 

4.520 

1:2 

5 

30 

60 

120 

2.47 

2.58 

1:1 

5 

30 

60 

120 

2.47 

0.774 

3:1 

5 

30 

60 

120 

Acidic 

3.11 

0 

Blank 

5 

120 

3.11 

6.05 

1:2 

5 

30 

60 

120 

3.11 

3.03 

1:1 

5 

30 

60 

120 

3.11 

1.01 

3:1 

5 

30 

60 

120 

Acidic 

3.25 

0 

Blank 

0 

120 

3.25 

6.05 

1:2 

5 

30 

60 

120 

3.25 

3.03 

1:1 

5 

30 

60 

120 

3.25 

1.01 

3:1 

5 

30 

60 

120 

3.19 

12.6 

1:4 

5 

30 

60 

120 

Total 

Volume  of  Titrant®  Mercaptan 

-  Found 

Apparent  Apparent  Total  - - 

Sulfide  Mercaptan  mg.  % 


— 

7.70 

7.70 

2.47 

100.0 

— 

7.41 

7.41 

2.37 

96.0 

6.32 

0 

6.32 

2.02 

82.0 

4.21 

0 

4.21 

1.35 

54.7 

3.00 

0 

3.00 

0.96 

38.9 

1.69 

0 

1.69 

0.54 

21.9 

7.17 

0 

7.17 

2.30 

93.0 

6.55 

0 

6.55 

2.10 

85.0 

6.12 

0 

6.12 

1.96 

79.4 

4.59 

0 

4.59 

1.47 

59.6 

4.47 

3.18 

7.65 

2.45 

99.3 

3.16 

4.33 

7.49 

2.40 

97.3 

5.06 

2.40 

7.46 

2.39 

96.8 

2.67 

4.44 

7.01 

2.28 

91.0 

0.0 

7.70 

7.70 

2.47 

100.0 

0.0 

7.70 

7.70 

2.47 

100.0 

7.72 

0.0 

7.72 

2.48 

100.4 

7.50 

0.0 

7.50 

2.40 

97.2 

7.25 

0.0 

7.25 

2.33 

94.3 

6.50 

0.0 

6.50 

2.09 

84.6 

7.71 

0.0 

7.70 

2.47 

100.0 

7.65 

0.0 

7.65 

2.45 

99.2 

7.35 

0.0 

7.35 

2.36 

95.5 

6.95 

0.0 

6.95 

2.23 

90.3 

3.55b 

4.18 

7.73 

2.48 

100.4 

2.5 1*  6 

5.21 

7.72 

2.48 

100.4 

2.68b 

5.04 

7.72 

2.48 

100.4 

2.58b 

4.87 

7.45 

2.40 

97.2 

_ 

/  9.70 

9.70 

3.11 

100.0 

— 

8.92 

8.92 

2.86 

92.0 

9.82 

0.0 

9.82 

3.15 

101.3 

9.63 

0.0 

9.63 

3.09 

99.4 

9.04 

0.0 

9.04 

2.90 

93.2 

8.48 

0.0 

8.48 

2.72 

87.5 

9.88 

0.0 

9.88 

3.17 

101.9 

9.54 

0.0 

9.54 

3.06 

98.4 

9.20 

0.0 

9.20 

2.95 

94.9 

8.48 

0.0 

8.48 

2.72 

87.5 

5.10 

4.70 

9.80 

3.14 

101.0 

4.50 

4.90 

9.40 

3.01 

96.8 

4.88 

4.32 

9.20 

2.95 

94.9 

4.0 

4.58 

8.58 

2.75 

88.4 

_ 

10.12 

10.13 

3.25 

100.0 

— 

10.06 

10.09 

3.24 

99.7 

0.0 

10.19 

10.19 

3.27 

100.6 

7.18 

3.01 

10.19 

3.27 

100.6 

6.90 

3.11 

10.05 

3.22 

99.1 

6.50 

2.95 

9.45 

3.03 

93.2 

0.0 

10.40 

10.40 

3.33 

102.5 

4.05 

3.85 

3.68 

6.15 

6.25 

6.26 

10.20 

10.10 

9.94 

3.27 

3.24 

3.19 

100.6 

99.7 

95.7 

0.0 

10.32 

10.32 

3.31 

101.8 

0.0 

10.18 

10.18 

3.26 

100.3 

0.60 

9.60 

10.10 

3.24 

99.7 

1.02 

8.91 

9.93 

3.18 

97.8 

9.77 

9  71 

0 

0 

9.77 

9.71 

3.13 

3.11 

98.2 

97.5 

9  65 

0 

9.65 

3.09 

96.9 

8.44 

0 

8.44 

2.71 

84.8 

°  Alcoholic  0.01A  AgNOj. 

6  Poor  breaks. 
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same  as  that  produced  by  the  sulfide  ion.  Consequently,  a  break  between 
these  is  not  readily  apparent.  The  stoichiometry  of  the  reaction  of 
mercaptide  and  elemental  sulfur  is  not  always  that  shown  in  eq.  2,  since 
there  is  a  difference  in  the  degree  to  which  various  organic  radicals  retain 
sulfur  atoms  in  forming  organic  polysulfides.  Consequently,  the  practice 
of  determining  the  sulfur  content  from  the  first  break  should  be  discour¬ 
aged,  except  under  highly  controlled  conditions,  when  the  type  of  mer¬ 
captan  is  known  and  the  mercaptan— elemental  sulfur  ratio  is  high. 

METHOD,  APPARATUS,  AND  MATERIALS  USED 

The  procedure  followed  in  carrying  out  these  determinations  was 
essentially  that  described  by  Tamele  and  Ryland  (13)  (pp.  708-714),  with 
the  following  exceptions. 

A  Recordomatic  titrator  (Precision  Scientific  Co.)  was  used.  The  silver  sulfide- 
glass  electrode  system  described  by  Lykken  and  Tuemmler  (14)  was  employed  for 
most  of  the  experimental  work;  in  certain  cases  an  external  calomel  cell  was 
substituted  for  the  glass  electrode.  The  exceptions  are  indicated.  Calomel  and 
glass  cells  are  equal  in  performance  in  their  application,  although  the  initial 
voltages  and  the  magnitude  of  the  voltage  breaks  may  differ  slightly. 

The  mercaptans  used  were  obtained  from  Eastman  Kodak  Company  (Distilla¬ 
tion  Products  Industries),  White  Label  grade.  The  synthetic  blends  were  prepared 
by  dissolving  the  mercaptan  in  isopropyl  alcohol  and  using  the  actual  mercaptan 
sulfur  content  as  obtained  from  a  potentiometric  determination. 

In  preparing  the  titration  solvents,  a  mixture  of  methanol,  isopropyl  alcohol, 
and  benzene  was  substituted  for  ethyl  alcohol,  originally  recommended  by  Tamele 
and  Ryland,  because  this  mixture  could  dissolve  larger  quantities  of  hydrocarbon 
samples.  These  materials  were  purified  by  silica  gel  percolation.  Two  titration 
solvents  were  used.  The  “regular”  solvent  was  prepared  by  dissolving  13.7  grams 
of  sodium  acetate  trihydrate  in  20  ml  of  distilled  water  and  adding  to  it  a  mixture 
of  400  ml  of  methanol  and  400  ml  of  isopropyl  alcohol.  Sufficient  benzene  was 
added  to  bring  volume  to  1  liter.  The  “acidic”  solvent  was  prepared  by  dissolving 
13.7  grams  of  sodium  acetate  trihydrate  and  6  ml  of  glacial  acetic  acid  in  500  ml 
of  methanol  and  diluting  to  1  liter  with  benzene.  Although  isopropyl  alcohol  and  a 
small  amount  of  water  were  used  in  the  regular  solvent  employed  in  this  particular 
study,  these  are  not  essential,  and  a  simple  regular  solvent  of  methanol,  benzene 
and  sodium  acetate  would  be  equivalent. 


TITRATION  OF  MERCAPTANS  IN  PRESENCE 
OF  ELEMENTAL  SULFUR 


The  first  series  of  experiments  was  designed  to  establish  a  base  case  and 
to  demonstrate  the  difficulties  that  may  arise  under  extreme  conditions 
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with  the  alkaline  (regular)  solvent.  In  this  experiment,  a  series  of  synthetic 
samples  was  prepared  containing  n-amyl  mercaptan  and  elemental  sulfur 
in  different  mole  ratios.  A  portion  of  each  of  these  blends  was  dissolved 
in  the  alkaline  titration  solvent  and  titrated  5,  30,  60,  and  120  minutes 
after  being  put  into  solution  (first  portion  of  Table  6).  The  volumes  of 
silver  nitrate  required  to  reach  the  first  and  last  breaks  are  shown 
together  with  the  total  mercaptan  recovery  as  calculated  by  taking  the 
total  silver  nitrate  titer  and  using  0.032  as  the  milliequivalent  weight.  The 
greater  the  ratio  of  elemental  sulfur  to  mercaptan  sulfur  and  the  longer 
the  time  of  standing  in  the  alkaline  titration  solvent,  the  poorer  are  the 
recoveries.  As  long  as  elemental  sulfur  was  equal  to  or  greater  than  the 
mercaptan  sulfur  content,  all  the  titratable  material  was  found  at  the  sulfide 
break.  When  mercaptan  sulfur  was  in  excess,  two  breaks  were  obtained. 
In  the  solutions  exposed  to  air,  the  correlation  of  the  first  break  with  the 
amount  of  elemental  sulfur  appears  to  be  erratic. 

After  a  series  of  preliminary  experiments  it  was  observed  that  the  poor 
results  were  related  in  some  way  to  the  alkalinity  of  the  solution.  It  was 
then  decided  to  employ  a  less  basic  solvent  to  carry  out  the  titration.  It 
could  not  be  too  acidic  because  of  the  possibility  of  losing  the  mercaptans 
of  low  molecular  weight  or  increasing  the  solubility  of  the  silver  mercap- 
tides.  The  solvent  selected  was  the  same  as  used  in  the  polarographic 
determination  of  elemental  sulfur  and  other  sulfur  compounds  (19)  whose 
preparation  has  been  described. 

Various  blends  of  the  three  different  types  of  mercaptans  with  elemen¬ 


tal  sulfur  were  prepared,  and  the  mercaptan  sulfur-elemental  sulfur  ratios 
varied  from  1:4  to  3: 1.  Portions  of  each  of  these  blends  were  placed  in 
the  acidic  titrating  solvent  and  the  titration  was  started  5,  30,  60,  and  120 
minutes  after  the  addition  of  the  sample  to  the  solvent.  The  volumes  of 
0.0 IN  silver  nitrate  solution  required  to  reach  both  the  first  and  the  last 
break  were  recorded.  The  mercaptans  employed  in  this  series  were 
n-amyl  mercaptan,  phenyl  mercaptan,  and  tert- butyl  mercaptan. 

From  these  data  (Table  6)  it  may  be  seen  that  the  acidic  solvent 
minimizes  the  errors  obtained,  even  under  the  drastic  conditions  of  high 
elemental  sulfur  content  and  exposure  to  air  oxidation.  Although  the 
acidic  solvent  gives  better  results  for  the  mercaptan  content,  it  is  not 

recommended  in  determining  elemental  sulfur. 

The  foregoing  experiments  were  carried  out  in  open  titration  vessels, 
because  open  vessel  titrations  are  commonly  employed  in  many  service 
laboratories.  Initially  it  was  thought  that  the  poor  recoveries  were  entirety 
due  to  the  oxidation  of  sodium  sulfide  to  sodium  polysulfide  and  sodium 
thiosulfate. ^he  latter  two  materials  also  titrate  with  silver  nitrate  m  the 
19.  j.  H.  Karchmer  and  M.  T.  Walker,  Anal.  Chem.,  26.  271  (1954). 
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regular  solvent  but  yield  poorly  defined  curves,  which  may  confuse  the 
interpretation.  Furthermore,  sodium  polysulfide  does  not  react  with  silver 
nitrate  in  the  same  stoichiometric  ratio  as  does  sodium  sulfide.  This  was 
illustrated  by  titrating  a  freshly  prepared  solution  of  sodium  sulfide  with 
silver  nitrate  in  the  regular  solvent  and  comparing  the  results  with  those 
obtained  when  the  same  solution  with  added  sulfur  (1 : 1  mole  ratio)  was 
titrated  5,  30,  60,  and  120  minutes  after  standing.  Table  7  shows  that  in 
the  presence  of  elemental  sulfur,  the  sulfide  recovery  is  low  and  becomes 
lower  as  time  of  standing  increases. 

Table  7.  Reaction  of  Sodium  Sulfide  and  Elemental  Sulfur  in  Alkaline  Solvent 


Solvent.  Regular 

Sample.  Sodium  sulfide  and  rhombic  sulfur  added  to  100  ml.  of  titration  solvent 


Sample  Composition,  mg. 


Reaction  Time, 


Sulfide  Sulfur  Found 


OUU1UC 

Sulfur 

iLiciiicnicu 

Sulfur 

min. 

mg. 

°/ 

/o 

2.24 

0 

5 

2.24 

100 

120 

2.17 

96.9 

2.24 

2.52 

5 

1.28 

57.1 

30 

0.70 

31.2 

60 

0.59 

26.3 

120 

0.32 

14.3 

TITRATION  IN  ABSENCE  OF  AIR 

To  determine  whether  oxidation  was  the  only  cause  of  the  poor 
recoveries  a  series  of  experiments  was  conducted  under  air-free  condi¬ 
tions.  As  may  be  seen  in  Table  8,  even  in  the  absence  of  air,  the 
mercaptan  recoveries  are  low  when  an  excess  of  sulfur  is  present  and 

losses  become  greater  as  the  length  of  time  increases.  The  losses  in  air 
however,  were  greater. 

Although  the  elimination  of  air  from  the  titration  did  not  produce 
complete  recoveries,  it  minimized  the  formation  of  sodium  polysulfide 
and  sodium  thiosulfate,  hence  allowed  more  information  to  be  obtained 
from  the  titration  curves.  Sodium  polysulfide  and  sodium  thiosulfate 
produce  a  senes  of  breaks  in  both  titration  solvents  that  obscure  other 
end  points  and  make  interpretations  of  the  intermediate  portions  (as 
reported  m  Table  6)  of  the  titration  curve  extremely  doubtful 
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Table  8.  Effects  of  the  Exclusion  of  Air  on  the  Potentiomet* 
ric  Determination  of  Mercaptan 

Titration  solvent.  Regular,  50-50  volume  %  isopropyl 
alcohol-benzene  made  0.1  N  with  sodium  acetate 
Sample.  3.975  mg.  of  /7-amyl  mercaptan  sulfur  +  8.028 
mg.  of  rhombic  sulfur  (approximate  ratio  SH:S  =  1:2) 
Solutions  blown  with  nitrogen  before  mixing  and  blan¬ 
keted  after  mixing  and  during  storage  period 


Time  of  Standing,  Mercaptan  Recovered,  % 
min. 

In  Aira  In  Nitrogen 


5 

82.0 

90.0 

30 

54.7 

83.1 

60 

38.9 

75.7 

120 

21.9 

69.7 

a  Data  taken  from  Table  6. 


Synthetic  solutions  of  a  mercaptan  and  elemental  sulfur  (3:1  mole 
ratio)  were  prepared  in  a  nitrogen  atmosphere  and  allowed  to  stand  in  the 
regular  solvent  for  5,  30,  60,  and  120  minutes  before  titration  under  a 
nitrogen  blanket.  The  compounds  used  were  phenyl,  n-butyl,  and  tert- 
butyl  mercaptans  (Table  9).  Figure  18.8  gives  titration  curves  for  only  the 
terf-butyl  mercaptan  mixtures.  The  titration  breaks  of  the  remaining  two 


mercaptans,  while  showing  similar  characteristics,  were  not  as  well 
defined  as  terf-butyl  mercaptan.  The  lack  of  resolution  of  these  curves  is 
probably  due  to  the  presence  of  the  polysulfide  ion,  which  can  form  in 

this  solution  even  in  absence  of  air. 

From  Fig.  18.8  it  may  be  seen  that  the  5-minute  titration  curve 

possessed  only  two  breaks:  one  with  an  end  point  in  the  vicinity  of  -0.43 
volt  and  the  other  at  -0.05  volt.  On  standing  30  minutes,  an  additional 
break  is  visible  at  -0.57  volt;  at  60  minutes  the  material  causing  the 
break,  which  occurs  at  about  —0.57  volt,  has  increased,  and  at  120 
minutes  its  concentration  has  increased  still  further.  Concurrent  to  this 
change  the  concentration  of  the  material  causing  the  second  break 
(approximately  -0.43  volt)  is  decreasing.  The  same  trend  may  be  ob¬ 
served  in  the  data  (Table  9)  for  the  other  two  mercaptans. 

To  determine  whether  the  sulfide  ion  was  involved  in  this  change,  a 
portion  of  the  ferf-butyl  mercaptan  and  sulfur  mixture  that  had  been 
allowed  to  stand  for  120  minutes  was  purged  with  nitrogen  for  10  minutes 
and  hydrogen  sulfide  was  identified  in  the  effluent.  The  titration  curve  of 
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Fig.  18.8.  Titration  curve  of  tert-butyl  mercaptan  in  the  presence  of  sulfur,  but  in 
the  absence  of  air.  Regular  titration  solvent;  silver  sulfide-calomel  electrodes; 
titrant,  0.001N  silver  nitrate;  mercaptan-elemental  sulfur  ratio,  3: 1. 


this  purged  sample  reflected  a  substantial  lowering  of  the  titer  required  to 
reach  the  first  break.  Purging  of  a  portion  of  the  sample  that  had  stood 
only  for  5  minutes  revealed  no  significant  loss  of  hydrogen  sulfide  and  no 
essential  change  in  the  amount  of  titer  to  reach  the  break  at  -0.43  volt.  It 
thus  appears  that  the  first  break  is  caused  by  the  presence  of  sulfide  ion 
and  the  intermediate  break  is  caused  by  some  compound  that  cannot  be 
removed  from  the  solution  by  10-minute  nitrogen  blowing.  The  sulfide 
was  not  present  immediately,  but  required  some  time  to  form.  These  facts 
tend  to  support  the  Davies  and  Armstrong  (18)  postulation  that  sulfur 
plus  a  mercaptide  yields  (RSS)-,  and  to  indicate  that  this  (RSS)  ion  will 
decompose  to  a  sulfide  on  standing,  even  in  absence  of  air. 


INTERPRETATION  OF  EXPERIMENTAL  RESULTS 

chemistry  involved.  Not  too  much  is  definitely  known  about  the  reac¬ 
tion  of  elemental  sulfur  and  mercaptans  in  an  alkaline  solution.  In  a 
comprehensive  review  of  the  chemistry  of  mercaptans,  all  that  Malisoff, 
Marks,  and  Hess  (20)  have  to  say  about  it  is  that  the  reaction  is 

“surmised”  to  be 

2RSH  +  S^R2S2  +  H2S 

20.  W.  M.  Malisoff,  E.  M.  Marks,  and  F.  G.  Hess,  Chem.  Rev.,  7,  493  (1930). 


(4) 
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Faragher,  Morrell,  and  Monroe  (17)  note  that  elemental  sulfur,  mer¬ 
captans,  and  sodium  hydroxide  react  to  form  sodium  sulfide  and  an 
organic  disulfide.  Holmberg  (21)  states  that  ethyl  mercaptan  dissolved  in 
an  alkaline  solution  produces  ethyl  disulfide  when  sulfur  is  added. 

The  reaction  presented  by  Davies  and  Armstrong  (eqs.  1  and  2)  is  of 
interest  because  it  can  serve  as  a  starting  point  to  interpret  certain 
experimental  observations  herein  reported. 

Equation  1  may  be  written  in  the  ionic  form 

(RS)-  +  S°->(RSS)-  (!') 

This  ion  may  react  with  silver  ion  to  form  the  unstable  silver  compound 

(RSS )"  +  Ag+  ->  AgSSR  (5) 

which  decomposes  to 

2 AgSSR  Ag2S  +  RSSSR  (6) 

The  sum  of  eqs.  T,  5,  and  6  is 

2(RS)“  +  2S°  +  2 Ag+  ->  Ag2S  +  RSSSR  (7) 

which  is  identical  with  the  sum  of  eqs.  1  and  2. 

However  if  a  solution  is  allowed  to  stand  (without  the  silver  ion  and  in 
absence  of  air),  sulfide  ions  are  produced,  as  was  shown  experimentally. 
This  reaction  could  be  represented 

2(RSS)~  (S)~~  +  RSSSR  (8) 

As  shown  experimentally  (Table  7),  this  sulfide  ion  could  combine  with 
elemental  sulfur 

(S)2-  +  S°^  (SS)2-  (9) 

to  form  a  polysulfide  ion  (disulfide  ion  in  this  case),  and  if  there  is  a 
sufficient  excess  of  elemental  sulfur,  the  trisulfide  or  tetrasulfide  ion 
probably  forms.  It  is  not  known  which  of  the  polysulfide  ions,  (SS)2-, 
(SSS)  ,  or  (SSSS)2  ,  yields  poorer  recoveries.  Presumably  the  poorer 
recoveries  are  associated  with  the  higher  polysulfides,  and  each  ionic 
species  could  yield  a  slightly  different  titration  break  with  silver  ion. 

Another  mechanism  by  which  the  existence  of  polysulfide  ions  in  the 
mixtures  can  be  postulated  is  as  follows.  The  monoalkyl  disulfide  ion, 

!  •  may  be  able  t0  add  elemental  sulfur  to  form  a  monoalkyl 
trisulfide  ion  y 

(RSS)-  +  S°— >  (RSSS)- 

21  •  Bror  Holmberg,  Ann.,  359,  81-99  (1908). 
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This  material  on  standing  could  decompose 

(RSSS)-  — »  (SS)2-  +  (RS)+ 

The  (RS)+  could  combine  with  some  of  the  negative  i 


ions 


(11) 


(RS)+  +  (RSS)-  RSSSR 


(12) 


These  mechanisms  are  largely  speculative,  since  there  is  no  physical 
evidence  proving  the  existence  of  the  (RS)+  and  (RSS)"  ions.  However 
some  experimental  data  support  the  validity  of  eqs.  7  and  8,  since 
polarograms  of  mercaptan  sulfur  and  elemental  sulfur  obtained  with  the 
acidic  solvent  indicated  the  presence  of  organic  polysulfides.  A  trisulfide 
was  actually  identified  as  the  product  in  eq.  7,  using  the  polarographic 
techniques  described  by  Karchmer  and  Walker  (19),  employing  n-butyl 
mercaptan  and  elemental  sulfur. 

These  equations  indicate  possible  routes  by  which  polysulfide  ions 
could  form  in  the  solutions,  as  it  was  shown  that  the  presence  of 
polysulfide  ions  is  related  to  the  poor  recoveries.  In  the  presence  of  air 
the  polysulfide  would  further  oxidize  to  thiosulfate  and  complicate  the 
titration  still  more. 

Equation  9  is  accelerated  in  presence  of  a  base;  hence  in  the  more 
acidic  solvent,  we  may  expect  a  decrease  in  the  amount  of  polysulfide  ion 
produced,  which  is  consistent  with  the  fact  that  better  recoveries  are 
obtained  in  the  acidic  solvent.  By  analogy,  the  reaction  shown  in  eq.  10 
could  be  minimized  in  the  acidic  solvent. 

To  determine  whether  the  existence  of  polysulfide  ions  was  dependent 
on  the  presence  of  mercaptans,  elemental  sulfur  without  any  mercaptan 
was  allowed  to  stand  in  the  regular  solvent  for  5,  30,  60,  and  120  minutes 
before  titration  with  silver  nitrate.  Although  a  discoloration  of  the  solu¬ 
tion  was  observed  after  the  addition  of  a  small  amount  of  silver  nitrate, 
the  potential  observed  in  all  cases  was  lower  than  +0.2  volt,  which  is 
more  positive  than  the  final  potential  obtained  for  the  mercaptan  titra¬ 
tion.  Thus  in  2  hours  the  reaction  of  the  elemental  sulfur  with  the  regular 
solvent  would  not  be  a  significant  factor.  The  results  of  this  experiment 
were  essentially  the  same  when  it  was  repeated  in  presence  of  ammonium 
hydroxide,  which  was  added  to  minimize  the  formation  of  silver  oxide. 
effect  of  organic  substituent  of  mercaptans.  In  this  work  there  was 
some  experimental  evidence  of  differences  in  the  behavior  of  the  various 
mercaptans.  It  was  suspected  that  the  stoichiometry  of  the  reaction  shown 
in  eq.  7  may  not  be  the  same  for  all  mercaptan  types.  For  example,  Eby 
(22)  showed  that  tertiary  mercaptans  could  form  stable  tetrasulfides  in 

22.  L.  T.  Eby,  Division  of  Organic  Chemistry,  118th  Meeting  of  the  American  Chemical 
Society,  Chicago,  September  1950. 
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alkyl,  eq.  7  is  essentially  correct  and  the  organic  trisulfide  is  formed, 
however  when  R  is  a  tertiary  alkyl  group,  such  as  fert-butyl  or  (erf-amyl, 


the  reaction  could  be 


(13) 


2(fC4S)  +  3S°  +  2Ag+  — >  tC4SSSStC4  + Ag2S 
When  R  is  a  phenyl  group  the  overall  reaction  may  be 

2(</>S)~  +  S°  +  2Ag+  ->  </>SS</>  +  Ag2S 


(14) 


This  is  supported  by  data  in  Table  9,  which  show  that  when  a  3 . 1  ratio  of 
tert-butyl  mercaptan  sulfur  to  elemental  sulfur  is  used,  the  amount  of 
unreacted  mercaptan  present  (after  5  minutes)  equals  76.5%  (10.46  ml 
out  of  a  total  of  13.69  ml  of  silver  nitrate  used).  According  to  eq.  13, 
when  9  moles  of  mercaptan  is  used  with  3  moles  of  elemental  sulfur,  only 
2  moles  of  the  mercaptan  should  be  converted  to  a  sulfide,  leaving  \  or 
77.8%  of  mercaptan  unreacted,  which  is  in  close  agreement  with  the 
experimental  data.  With  n-amyl  mercaptan,  which  reacts  as  shown  in  eq. 
7,  1  mole  of  mercaptan  should  react  with  1  mole  of  elemental  sulfur;  thus 
at  a  3 : 1  mercaptan  elemental  sulfur  ratio,  2  of  the  3  moles  of  mercaptan 
should  be  unreacted  for  a  theoretical  66.7%.  From  Table  9  it  may  be 
computed  that  at  the  end  of  5  minutes,  9.76/15.54  or  62.8%  of  mercap¬ 
tans  remained.  By  the  same  line  of  reasoning,  the  amount  of  excess 
phenyl  mercaptan  sulfur  remaining  when  3 : 1  mixtures  are  used  should  be 
1  mole  out  of  3  or  33.4%,  according  to  eq.  14.  The  data  in  Table  9  for 
phenyl  mercaptan  indicate  that  7.30/18.85  or  38.8%  of  unreacted  mer¬ 
captan  sulfur  was  present  at  the  end  of  5  minutes.  Although  the  agree¬ 
ments  in  the  latter  two  cases  were  not  as  good  as  that  obtained  with  the 
terf-butyl  mercaptan,  the  trend  is  nevertheless  apparent. 

From  the  differences  in  the  observed  reactions  of  elemental  sulfur  with 
various  mercaptans,  certain  deductions  may  be  made.  Since  di-rm-butyl 
tetrasulfide  is  a  reasonably  stable  compound,  its  formation  uses  the  excess 
elemental  sulfur  that  otherwise  would  promote  the  formation  of  inorganic 
polysulfides  deleterious  to  the  titration.  Since  the  di-n-butyl  tetrasulfide  is 
less  stable  than  the  di-n-butyl  trisulfide  and  the  diphenyl  trisulfide  is  less 
stable  than  the  diphenyl  disulfide,  increasing  amounts  of  inorganic 
polysulfides  may  form  with  the  same  mercaptan-elemental  sulfur  ratio  as 

23.  S.  F.  Birch,  T.  V.  Cullum,  and  R.  H.  Dean,  J.  Inst.  Petrol.  39,  206  (April  1953). 
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one  progresses  from  ten- butyl  to  n-butyl  to  phenyl.  It  would  also  follow 

that  the  so-called  unstable  organic  polysulfides  could  react  with  other 
mercaptans. 


Adapted  from  the  Study  of  M.  W.  Tamele,  L.  Ryland,  and  R.  N.  McCoy 

[Anal.  Chem .,  32,  1007  (I960)] 

The  quantitative  nature  of  the  precipitation  reactions  was  confirmed  for 
aqueous  mixtures  of  low  molecular  weight  mercaptans  and  hydrogen 
sulfide  in  almost  all  proportions.  However  coprecipitation  occurs  in 
aqueous  electrolyte  solutions  with  mixtures  of  hydrogen  sulfide  and 
higher  molecular  weight  mercaptans,  resulting  in  low  recoveries  of  sulfide 
and  correspondingly  high  values  for  mercaptans;  a  reversed  coprecipita¬ 
tion  effect,  which  occurs  in  alcoholic  electrolyte,  results  in  high  values  for 
sulfide  and  correspondingly  low  values  for  mercaptans.  In  these  cases  it  is 
necessary  to  titrate  a  separate  portion  of  the  sample  from  which  the 
sulfide  has  been  removed. 

The  interference  of  elemental  sulfur  was  also  confirmed.  The  presence 
of  elemental  sulfur  is  evidenced  by  formation  of  a  yellow  color  when  the 
sample  is  added  to  the  electrolyte,  by  a  high  potential,  and  by  the 
formation  of  a  black  silver  sulfide  during  titration  of  a  sample  from  which 
hydrogen  sulfide  has  been  removed.  In  this  case  the  total  titration  value 
to  the  mercaptan  end  point,  if  mercaptan  is  in  excess  of  sulfur,  accurately 
represents  the  mercaptan  originally  present.  If  elemental  sulfur  is  in 
excess  of  the  mercaptan,  all  the  mercaptan  appears  as  sulfide,  the  excess 
sulfur  remaining  unreacted. 


APPARATUS 

The  silver  sulfide  indicating  electrode  consisted  of  a  straight  silver 
(99.9%  Ag)  rod  about  2  mm  in  diameter  that  was  immersed  a  few 
centimeters  in  the  titrated  solution.  It  was  polished  to  a  clean  silver 
surface  with  a  fine  emery  cloth,  then  soaked  in  potassium  cyanide 
solution  to  clean  it  further;  finally  it  was  coated  with  silver  sulfide,  either 
electrolytically  or  by  use  of  a  preliminary  titration  of  sodium  sulfide. 
After  being  coated,  the  electrode  was  rinsed,  wiped  with  a  soft  tissue,  and 
burnished  lightly  with  a  fine  emery  cloth.  The  electrode  was  soaked  in 
alcohol  containing  sodium  acetate  and  0.5%  silver  nitrate  for  5  minutes 
before  use  and  was  stored  in  the  same  solution  when  not  in  use.  Before 
each  titration  the  electrode  was  burnished  lightly  with  a  soft  cloth.  This 
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treatment  is  normally  sufficient  for  a  large  number  of  titrations,  but  if 
anomalous  titration  curves  are  obtained,  it  is  advisable  to  remove  the 
sulfide  coating  completely  and  to  repeat  the  procedure  above. 

A  glass  electrode  is  preferred  as  a  reference  electrode. 


REAGENTS 

All  reagent  solutions  must  be  free  of  dissolved  air  and  peroxidic  impurities  to 
prevent  losses  of  the  easily  oxidized  sulfur  compounds.  Percolation  of  the  solvents 
through  activated  alumina,  removal  of  dissolved  air  by  bubbling  nitrogen  for  a  few 
minutes,  and  storage  of  solvents  under  inert  gas  are  convenient  for  maintaining  a 
supply  of  solvents. 

acid  cadmium  sulfate  solution.  Dissolve  150  grams  of  cadmium  sulfate 
octahydrate  in  distilled  water,  add  10  ml  of  45%  sulfuric  acid,  and  dilute  to  1  liter. 
alcoholic  titration  solvent.  Dissolve  13.6  grams  of  sodium  acetate  trihyd¬ 
rate  in  25  ml  of  distilled  water  and  add  975  ml  of  anhydrous  ethyl  alcohol  (2B  or 
3A  alcohol  is  satisfactory). 

aqueous  titration  solvent.  Dissolve  40  grams  of  sodium  hydroxide  in 
distilled  water,  add  3.3  ml  of  ammonium  hydroxide  (sp.  gr.,  0.90)  and  dilute  to  1 
liter  with  distilled  water. 

SILVER  NITRATE  SOLUTION,  STANDARD  0.1N  AQUEOUS. 

SILVER  NITRATE  SOLUTION,  STANDARD  0.1N  ALCOHOLIC.  Dissolve  17  grams  of 

silver  nitrate  in  170  ml  of  distilled  water  and  dilute  to  1  liter  with  isopropyl 
alcohol. 

silver  nitrate  solution,  standard  0.0 IN  aqueous.  Prepare  by  exact  dilu¬ 
tion  of  the  0.1N  aqueous  silver  nitrate  solution  with  distilled  water. 
silver  nitrate  solution,  standard  0.0 IN  alcoholic.  Prepare  by  exact 
dilution  of  the  0.1N  alcoholic  silver  nitrate  solution  with  92%  isopropyl  alcohol. 
Solutions  of  0.0 IN  silver  nitrate  should  not  be  stored  longer  than  24  hours. 


PROCEDURE 

DETERMINATION  of  mercaptans  and  hydrogen  sulfide  in  aqueous 
solution.  Measure  a  quantity  of  sample  into  the  titration  cell  that  will 
require  preferably  from  2  to  10  ml  of  0.1  or  0.011V  silver  nitrate  solution 
to  titrate  the  sulfide  and  mercaptan  present.  Add  100  ml  of  aqueous 
sulfide  titration  solvent,  immediately  place  the  cell  on  the  titration  stand, 
place  the  tip  of  the  buret  below  the  surface  of  the  solution,  and  adjust  the 
stirrer  to  give  vigorous  stirring  without  drawing  air  through  the  solution 
Plot  the  titration  curve,  and  select  the  end  points  for  the  sulfide  and 
mercaptan  present  at  the  bottom  of  the  steep  portions  of  the  titration 
curve.  Blank  titrations  are  unnecessary  if  pure  reagents  are  used. 
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DETERMINATION  OF  MERCAPTANS  AND  HYDROGEN  SULFIDE  IN  PETROLEUM 

products.  Measure  a  quantity  of  sample  as  directed  above  into  a 
titration  cell  containing  100  ml  of  titration  solvent.  Limit  the  sample  size 
to  a  maximum  of  25  grams.  Samples  that  are  not  soluble  in  alcohol  may 
be  dissolved  in  up  to  40  ml  of  benzene  before  addition  of  the  titration 
solvent.  It  is  important  to  begin  the  titration  as  soon  as  possible  and  to 
continue  without  interruption. 

additional  titrations.  If  the  titration  curve  shows  only  the  presence  of 
mercaptan,  both  hydrogen  sulfide  and  elemental  sulfur  absent,  no  addi¬ 
tional  titrations  are  required.  If  the  titration  curve  shows  the  presence  of 
hydrogen  sulfide  and  elemental  sulfur  is  not  known  to  be  absent,  it  is 
necessary  to  perform  an  additional  titration  after  the  hydrogen  sulfide  has 
been  extracted. 

hydrogen  sulfide  extraction.  Measure  at  least  3  times  the  quantity  of 
hydrocarbon  sample  used  in  the  initial  titration  into  a  nitrogen-flushed 
separatory  funnel  and  add,  if  necessary,  enough  isooctane  to  make  a  total 
volume  of  at  least  25  ml  of  hydrocarbon  phase.  Add  an  equal  volume  of 
acid  cadmium  sulfate  solution  and  shake  vigorously  for  several  minutes. 
Allow  to  stand  until  a  good  separation  is  obtained,  drain,  and  discard  the 
aqueous  phase  containing  the  yellow  cadmium  sulfide  precipitates.  Re¬ 
peat  until  no  further  cadmium  sulfide  is  precipitated.  Filter  the  hydrocar¬ 
bon  layer  through  a  dry  filter  paper  into  a  volumetric  flask.  Rinse  the 
separatory  funnel  with  isooctane.  Transfer  an  aliquot  to  a  titration  cell 
containing  100  ml  of  alcoholic  titration  solvent  and  titrate  as  before. 
Disregard  any  apparent  hydrogen  sulfide  end  point  and  calculate  the 
mercaptan  content  of  the  sample  from  the  total  titration  to  the  mercaptan 
end  point. 

Particularly  when  0.0  IN  titrant  is  used,  stable  electrode  potentials  are 
reached  more  rapidly  in  the  vicinity  of  the  end  point  if  the  cell  is 
blanketed  with  an  inert  gas.  A  static  blanket  is  preferable  to  flowing  gas 
because  of  the  volatility  of  certain  mercaptans,  even  from  alkaline  solu¬ 
tions.  Presumably,  this  more  rapid  equilibration  was  due  to  prevention  of 
air  oxidation  of  the  small  amounts  of  sulfide  or  mercaptan  present  in 
solution  as  the  end  point  is  approached. 


RESULTS  AND  DISCUSSION 

Some  of  the  mixtures  tested  and  the  recoveries  obtained  are  listed  m 
Table  10.  The  results  are  generally  satisfactory  for  the  mixtures  of  su  e 
and  methyl,  ethyl,  and  it-  and  isopropyl,  and  sec-,  ten-,  and  isobutyl 
mercaptans.  The  results  obtained  for  n-butyl  and  n-amyl  mercapta 


Table  10.  Titrations  of  Mixtures  of  Sulfide  and  Mercaptans 

Equivalent 

Ratio,  Recover,  % 


Mercaptan 

Sulfide 

to  Mercaptan 

Sulfide 

Mercaptan 

Total 

Sodium  sulfide  and 

various  mercaptans 

with  0.1N 

silver  nitrate 

in  aqueous  IN 

sodium  hydroxide, 
Methyl 

0.05N  ammonium  hydroxide 
1:1  99.0 

1:5  98.0 

101.9 

102.0 

100.3 

101.2 

10:1 

99.5 

96.2 

99.5 

Ethyl 

1:1 

99.0 

101.0 

100.0 

1:5 

98.0 

100.0 

99.7 

10:1 

99.0 

105.8 

99.6 

n -Propyl 

1:1 

99.0 

100.0 

99.5 

1:5 

99.0 

100.0 

99.8 

10:1 

99.0 

100.0 

99.1 

Isopropyl 

1:1 

98.0 

103.6 

100.8 

1:5 

90.0 

102.0 

100.0 

10:1 

97.0 

91.8 

96.5 

Isobutyl 

1:1 

98.0 

101.9 

100.0 

1:5 

89.1 

101.9 

99.8 

10:1 

99.0 

104.8 

99.6 

sec -Butyl 

1:1 

98.5 

102.0 

100.3 

1:5 

90.0 

102.0 

100.0 

10:1 

99.5 

102.0 

99.7 

tert -Butyl 

1:1 

99.0 

101.1 

100.0 

1:5 

97.1 

104.3 

103.0 

10:1 

100.0 

108.7 

100.7 

n -Butyl 

1:1 

97.1 

104.0 

100.5 

1:5 

58.8 

109.1 

100.5 

10:1 

99.0 

111.1 

100.1 

n-Amyl 

1:1 

79.3 

122.8 

100.0 

1:5 

0.0 

122.2 

100.2 

Hydrogen  sulfidea 

and  mercaptans6  in 

alcoholic  sodium  acetate 

n -Propyl  (5)c 

1:1 

96.2 

104.3 

101.1 

n-Butyl  (3) 

1:1 

105.2 

93.2 

99.1 

n-Amyl  (6) 

1:1 

99.2 

100.7 

100.0 

n -Hexyl  (3) 

1:1 

106.8 

92.3 

99.7 

n-Heptyl  (2) 

1:1 

104.2 

94.8 

99.3 

a 

b 

c 


Added  as  aqueous  solution  of  sodium  sulfide. 

Added  as  isooctane  solution. 

Figures  in  parentheses  indicate  number  of  determinations 


averaged. 
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show  a  marked  coprecipitation  effect,  even  when  the  sulfide  and  mercap¬ 
tan  are  present  in  approximately  equivalent  amounts.  This  effect  is 
evident  even  with  the  lower  molecular  weight  mercaptans  and  is  consi¬ 
dered  to  be  caused  by  adsorption  and  subsequent  coprecipitation  because 
the  total  titration  value  obtained  for  the  various  mixtures  is  correct, 
although  the  sulfide  recovery  is  low  and  the  mercaptan  recovery  is  high. 
In  this  case  sulfide  ion  is  not  completely  precipitated  at  the  selected  end 
point.  The  data  for  mixtures  tested  in  alcoholic  medium  also  show  that  a 
marked  coprecipitation  effect  occurs,  but  unlike  that  observed  in  aqueous 
solvent,  high  values  are  obtained  for  sulfide  and  correspondingly  low 
recoveries  for  mercaptans.  Thus  it  appears  that  some  silver  mercaptide  is 
precipitated  in  the  sulfide  portion  of  the  titration  curve.  Titrations  in 
more  dilute  solutions  with  0.01N  titrant  did  not  markedly  decrease  this 
coprecipitation. 

The  presence  of  elemental  sulfur  in  samples  complicates  the  application 
of  the  potentiometric  procedure  and  interpretation  of  the  titration  curves, 
particularly  for  the  determination  of  hydrogen  sulfide.  In  strongly  alkaline 
aqueous  solutions,  elemental  sulfur  and  mercaptides  are  generally  consi¬ 
dered  to  react  according  to  the  following  (24) 

S  +  2NaSR  — >  Na2S  +  R2S2 

This  reaction  is  rapid  and  complete.  Because  sulfide  is  produced  in  an 
amount  equal  to  the  mercaptan  consumed,  the  potentiometric  titration 
curve  will  show  the  presence  of  sulfide;  however  the  total  titration  to  the 
mercaptan  end  point  represents  the  amount  of  mercaptan  initially  pres¬ 
ent,  provided  the  mercaptan  is  in  excess.  If  the  sulfur  is  in  excess  of  the 
mercaptan,  the  titration  curve  will  not  show  the  presence  of  mercaptan, 
but  the  hydrogen  sulfide  titration  will  represent  the  amount  of  mercaptan 
originally  present.  If  hydrogen  sulfide  is  also  present  in  the  sample, 
correct  interpretation  of  a  single  titration  curve  is  impossible. 


Adapted  from  the  Study  of  F.  Peter  and  R.  Rosett 

[Anal.  Chim.  Acta.  64 ,  397  ( 1973 );  70,  149,  1974 ] 

Causes  of  errors  encountered  in  the  potentiometric  titration  of  thiols 
and  hydrogen  sulfide  with  silver  nitrate  solution  were  studied,  and  some 
conclusions  were  reached  on  ways  to  reduce  them.  Hydrogen  sulfide, 
methanethiol,  and  ethanethiol  are  so  volatile  that  titrations  should  be 
done  in  the  reverse  direction  from  the  normal  one;  the  sulfur  compounds 

24.  B.  A.  Stagner,  Ind.  Eng.  Chem.,  27,  275  (1935). 
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-  to  be  determined  should  be  contained  in  a  micrometer  buret  with  a  tight 
Teflon  plunger  and  used  as  the  titrant.  If  the  titration  is  carried  out  in 
aqueous  solution,  silver  hydroxide  precipitation,  which  causes  adsorption 
problems,  must  be  avoided.  This  can  be  done  by  operating  in  a  sufficiently 
acidic  medium  (pH  range  1-2)  or  by  adding  gelatin  solution  to  the 
solution  to  be  titrated,  at  a  concentration  of  about  1%. 


Colorimetric  Methods  for  Trace  Quantities  of  Mercaptans 

As  indicated  earlier  (p.  708),  the  potentiometric  titration  of  mercaptans 
can  often  be  extended  to  the  range  of  0.001  meq.  if  0.001N  silver  nitrate 
is  used.  The  colorimetric  methods,  however,  extend  below  this  range. 

Shinohara  (25)  devised  a  procedure  based  on  the  Folin-Looney  (26) 
phosphototungstic  acid  reagent.  The  reduction  of  the  reagent  results  in  a 
blue  complex.  The  approach  was  further  developed  by  Danehy  and  Kreuz 
and  is  discussed  later. 

Turbidimetric  methods  can  be  applied  to  mercaptans  because  most 
mercaptans  precipitate  readily  in  water  when  various  metal  ions  such  as 
iron,  copper,  silver,  mercury,  lead,  and  cadmium  are  added,  mercaptides 
are  generally  quite  insoluble  unless  the  mercaptan  contains  solubilization 
groups  such  as  hydroxyl,  carboxyl,  or  sulfonic  acids.  Although  the  tur¬ 
bidimetric  analyses  are  sensitive,  they  are  not  as  applicable  as  we  would 
like.  This  is  often  the  case  with  turbidimetric  methods,  since  the  particle 
size  of  the  mercaptide  is  not  reproducible  from  determination  to  determi¬ 
nation.  The  particle  size  of  the  dispersed  phase  directly  controls  the 
magnitude  of  the  turbidity;  the  smaller  the  particle  size,  the  higher  the 
turbidity,  though  the  amount  of  mercaptide  present  is  the  same. 

The  colorimetric  method  using  N-ethylmaleimide  provides  a  conve¬ 
nient  method  for  determining  mercaptans. 


iV-Ethylmaleimide  Method— Adapted  from  N.  M.  Alexander 

[Anal.  Chem.,  30 ,  1292-4  (1958)] 

N-Ethylmale imide  (NEM)  reacts  rapidly  with  sulfhydryl  compounds  at 
neutral  pH  (27,  28).  The  rate  of  reaction  of  equimolar  amounts  of 

25.  K.  Shinohara,  J.  Biol.  Chem.,  120,  743-9  (1937). 

26.  O.  Folin  and  J.  M.  Looney,  Ibid.,  51,  421  (1922). 

27.  E.  Friedmann,  Biochim.  Biophys.  Acta,  9,  65  (1952) 

28.  J.  D.  Gregory,  J.  Am.  Chem.  Soc.,  77,  3922  (1955) 
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N-ethylmaleimide  and  reduced  glutathione  has  been  followed  spectro- 
photometrically  by  a  decrease  in  absorption  of  the  former  at  300  nm  (28), 
but  the  reaction  does  not  go  to  completion  under  these  conditions. 
Roberts  and  Rouser  (29)  showed  that  the  change  in  absorbance  at 
300  nm  is  proportional  to  the  concentrations  of  cysteine  and  glutathione 
when  N-ethylmaleimide  is  present  in  excess.  They  used  this  method  to 
determine  the  extent  to  which  bovine  serum  albumin  reacts  with  N- 
ethylmaleimide. 

The  present  report  also  shows  that  when  present  in  excess,  N- 
ethylmaleimide  reacts  stoichiometrically  with  sulfhydryl  compounds.  The 
decrease  in  absorption  of  this  compound  at  300  nm  can  be  used  as  an 
assay  method  for  sulfhydryl  groups. 

MATERIALS 

Reduced  glutathione  (GSH)  and  N-ethylmaleimide  were  obtained  from 
Schwarz  Laboratories,  Inc.,  Mount  Vernon,  N.Y.  Cysteine  hydrochloride  and 
mercaptoethanol  were  purchased  from  Eastman  Organic  Chemicals,  Rochester, 
N.Y.  The  glycolic  acid  was  a  product  of  Evans  Chemetics,  Inc.,  New  York,  and 
was  labeled  as  99%  pure.  Homocysteine  and  crystalline  egg  albumin  were 
bought  from  Nutritional  Biochemicals  Corp.,  Cleveland,  Ohio.  Ergothioneine 
and  thiolhistidine  were  obtained  from  the  California  Foundation  for  Biochemical 
Research,  Los  Angeles.  A  boiled  aqueous  extract  of  rat  liver  was  prepared  as 
described  (30).  N-Ethylmaleamic  acid  was  prepared  by  adding  0.3  ml  of  0.5 N 
sodium  hydroxide  to  1  ml  of  0.01  M  N-ethylmaleimide  and  allowing  to  stand  for  5 
minutes.  Six  milliliters  of  0.1  M  phosphate  buffer  (pH  6.8)  was  added  to  neutralize 
the  solution  before  carrying  out  the  reaction  of  glutathione  with  N- 
ethylmaleimide. 

N-Ethlymaleimide  was  stored  in  the  refrigerator,  and  the  molar  extinction 
coefficient  was  determined  on  a  sample  that  had  been  twice  recrystallized  from 
ethanol.  Once  this  coefficient  is  known,  the  highly  pure  commercial  N- 
ethylmaleimide  can  be  used  directly,  because  any  slight  contaminants  in  the  solid 
material  or  the  degradation  products  formed  after  it  is  brought  into  solution  do 

not  react  with  thiol  groups. 

All  the  solid  thiol  compounds  were  dried  to  constant  weight  in  vacuo  (55  mm) 
at  55°C  just  prior  to  use.  The  liquid  compounds  were  diluted  directly  to  a  desired 
concentration.  Prior  to  reacting  with  N-ethylmaleimide,  the  concentrations  of  the 
thiol  solutions  were  determined  by  iodometric  titration.  The  titrations  showed 
that  glutathione  was  99.4%  pure  and  that  cysteine  hydrochloride  contained 
101.7%  cysteine.  The  value  for  cysteine  hydrochloride  is  explained  by  the  fact 
that  it  loses  hydrochloride  (31).  Homocysteine  was  98.5%  pure.  Thiolhistidine 

29.  E.  Roberts  and  G.  Rouser,  Anal.  Chem.,  30,  1291  (1958). 

30.  N.  Alexander,  J.  Biol.  Chem.,  227,  975  (1957). 

31  P.  D.  Boyer,  J.  Am.  Chem.  Soc.,  76,  4331  (1954). 
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and  ergothioneine  had  negligible  reducing  action  in  the  acid  iodometnc  titration, 
in  agreement  with  the  earlier  observation  on  ergothioneine  (32). 


PROCEDURE 

The  reaction  is  usually  carried  out  in  0.1  M  phosphate  buffer  (pH  6.8) 
with  0.00 1M  N-ethylmaleimide  and  a  sulfhydryl  concentration  less  than 
0.0009M  and  greater  than  0.0001M  Prepare  a  0.001M  N- 
ethylmaleimide  solution  in  buffer  and  read  the  absorbances  of  both 
solutions  at  300  nm.  Solutions  containing  everything  but  N- 
ethylmaleimide  serve  as  blanks.  Divide  the  difference  in  absorption 
between  the  reacted  and  unreacted  N-ethylmaleimide  solutions  by  the 
molar  extinction  coefficient  of  the  compound;  this  quotient  is  equal  to  the 
molar  sulfhydryl  concentration  of  the  sample.  Make  the  spectrophoto- 
metric  measurements  in  1-cm,  matched  silica  cells  in  a  Beckman  DU 
spectrophotometer.  The  concentration  of  reactants  may  be  varied  as  long 
as  the  N-ethylmaleimide  concentration  is  in  10%  excess  of  the  sulfhydryl 
concentration.  The  reaction  can  be  carried  out  at  neutral  or  acid  pH  (29), 
although  it  proceeds  somewhat  faster  at  neutrality  (28). 


RESULTS 

The  molar  extinction  coefficient  of  N-ethylmaleimide  at  300  nm  is  620. 
This  agrees  with  Gregory’s  result  (28)  obtained  at  302  nm. 

When  varying  concentrations  of  glutathione  react  with  N- 
ethylmaleimide,  the  percentage  decrease  in  absorbance  of  the  latter  at 
300  nm  is  exactly  equal  to  the  percentage  of  glutathione  concentration  in 
relation  to  the  N-ethylmaleimide  concentration.  Identical  results,  within 
experimental  error,  were  obtained  for  homocysteine,  mercaptoethanol, 
cysteine,  and  thioglycolic  acid.  The  assay  is  unaffected  by  the  presence  of 

18  other  amino  acids,  Duponol  (Du  Pont),  ascorbic  acid,  glucose,  and 
Versene. 

N-Ethylmaleimide  spontaneously  decomposes  in  0.1  M  phosphate  (pH 
6.8)  at  a  fairly  slow  rate  when  stored  in  the  refrigerator,  as  seen  in 
experiment  3  of  Table  11.  The  decomposition  product  is  N- 
ethylmaleamic  acid,  which  does  not  absorb  light  at  300  nm  If  N- 
ethylmaleamic  acid  could  react  with  sulfhydryl  groups  at' an  appreciable 
rate  freshly  prepared  N-ethylmaleimide  solutions  would  have  to  be  used 
Table  1 1  gives  data  demonstrating  that  N-ethylmaleamic  acid  does  not 

32.  G.  E.  Woodward  and  E.  G.  Fry,  J.  Biol.  Chem..  91,  465  (1932). 
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Table  11.  Reaction  of  N-Ethylmaleimide  with  Glutathione  in  the  Presence 

of  N-Ethylmaleamic  Acid 

Experiment  Absorbance 


Contents 

Number 

at  300  m/< 

A  Absorbance 

0.001  M  Fresh  NEM 

1 

0.618 

+0.0005  MGSH 

2 

0.309 

0.309 

0.001  M  NEM  aged  for  1  week 

3 

0.547 

+0.0005  Af  GSH 

4 

0.237 

0.310 

+0.001  M  N-ethylmaleamic  acid 

5 

0.570 

+0.0005 M  GSH 

6 

0.262 

0.308 

react  with  sulfhydryl  groups  in  the  conditions  of  the  assay.  The  decrease 
in  absorption  of  N-ethylmaleimide  in  the  presence  of  a  constant  amount 
of  glutathione  is  the  same  with  varying  amounts  of  N-ethylmaleamic  acid 
(experiments  3-6)  as  in  a  freshly  prepared  N-ethylmaleamide  solution 
(experiments  1  and  2). 

Table  12  gives  the  results  obtained  with  this  method  in  a  deproteinated 
rat  liver  extract.  Two  milliliters  of  extract  gave  a  sulfhydryl  value  double 
that  of  1  ml  of  extract  (experiments  1-3),  demonstrating  compliance 
with  Beer’s  law.  Pretreatment  of  the  extract  for  10  minutes  with  sodium 
p-chloromercuribenzoate  abolishes  any  reaction  with  N-ethylmaleimide, 
indicating  that  it  is  reacting  only  with  sulfhydryl  groups  in  the  extract. 


Table  12.  Determination  of  Sulfhydryl  Content  of  Rat  Liver  Extract 

(Total  volume  of  each  reaction  mixture, 

10  ml.) 

Calculated 

Liver 

GSH 

Absorbance 

mmoles 

Flask 

NEM,  10 

Extract, 

Added, 

at  300 

A 

Sulfhydryl 

Number 

/vmoles 

20  mg.  ml.® 

/j  moles 

m(ub  Absorbance 

Groups 

1 

+ 

— 

0.625 

— 

0 

2 

+ 

1 

— 

0.468 

0.157 

2.53 

3 

+ 

2 

— 

0.315 

0.310 

5.00 

4 

+ 

— 

2.0 

0.500 

0.125 

2.01 

5 

+ 

— 

4.0 

0.378 

0.247 

3.98 

6 

+ 

1 

2.0 

0.346 

0.279 

4.50 

7 

+ 

1 

4.0 

0.220 

0.405 

6.53 

o  Concentration  in  terms  of  nonvolatile  organic  material  and  determined  according  to  M. 
J.  Johnson  [. I.  Biol.  Chem.  181,  707  (1949)],  using  crystalline  bovine  serum  albumin  as 

““‘Blank  for  each  determination  contained  all  components  except  NEM  as 
indicated. 
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Glutathione  can  be  added  to  the  extract  (experiments  6  and  7)  and 
quantitatively  determined  over  and  above  the  amount  of  sulthydryl 

groups  initially  present  in  the  extract. 

Two  milliliters  of  the  filtrate  from  a  1:5  diluted,  hemolyzed  human 
blood  sample  in  5%  metaphosphoric  acid  gave  a  reaction  with  N- 
ethylmaleimide  equivalent  to  0.75  /xM  of  sulfhydryl  groups;  4  ml  of  the 
same  filtrate  gave  a  value  of  1.48 /llM.  As  in  the  case  with  the  liver 
extract,  known  amounts  of  glutathione  added  to  the  filtrate  quantitatively 
reacted  with  N-ethylmaleimide.  The  reaction  with  blood  filtrates  was 
carried  out  in  the  presence  of  4  ml  of  1 M  phosphate  buffer  (pH  6.8)  to 
neutralize  the  metaphosphoric  acid.  This  did  not  affect  the  extinction 
coefficient  of  N-ethylmaleimide. 

Commercial  crystalline  egg  albumin  reacts  with  N-ethylmaleimide  only 
after  being  denatured  with  Duponol.  By  reacting  a  1%  solution  of 
crystalline  egg  albumin  with  0.001M  N-ethylmaleimide  in  the  presence  of 
0.5%  Duponol  for  15  minutes,  2.2  equivalents  of  sulfhydryl  per  mole  of 
egg  albumin  (assuming  mol.  wt.  =  46,000)  reacts  with  N-ethylmaleimide. 
No  further  reaction  occurred  after  1  hour.  This  same  egg  albumin  sample 
when  reacted  with  p-chloromercuribenzoate  at  pH  4.6  for  15  minutes 
(31)  gave  a  value  equal  to  about  3  sulfhydryl  groups  per  mole  of  protein. 


DISCUSSION 


This  procedure  is  fast,  simple,  and  highly  specific  for  sulfhydryl  groups. 
The  principal  advantage  is  that  no  standard  thiol  solutions  have  to  be 
assayed  along  with  the  unknown  sample  for  comparison.  Since  added 
glutathione  was  quantitatively  recovered  in  a  tissue  extract  and  in  a  blood 
filtrate,  the  method  may  be  of  use  in  determining  the  thiol  concentrations 
of  other  complex  biological  solutions. 


The  method  appears  to  be  limited  in  determining  the  total  sulfhydryl 
content  of  proteins  because  p-chloromercuribenzoate  reacted  with  more 
thiol  groups  in  the  same  egg  albumin  sample.  Moreover,  Roberts  and 
Rouser  (29)  found  that  N-ethylmaleimide  reacted  with  only  60%  as  many 
sulfhydryl  groups  in  bovine  serum  albumin  as  did  p- 
chloromercuribenzoate.  This  assay  would,  however,  obviate  the  need  for 
using  nitroprusside  as  an  external  indicator  (33)  to  determine  the  extent 
to  which  N-ethylmaleimide  reacts  with  a  protein.  One  per  cent  solutions 

r'n  nna/ff tlV!  SU'fhydryl  grouP  Pcr  ,00-000  molecular  weight  would 
be  0.000 1M  with  respect  to  the  sulfhydryl  concentration,  which  is  within 
the  limits  of  sensitivity  of  the  method. 


33.  T.  C.  Tsao  and  K.  Bailey,  Biochim.  Biophys.  Acta ,  11,  102  (1953). 
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Benesch  et  al.  (34)  have  advantageously  used  N-ethylmaleimide  to 
detect  thiols  and  thiol  esters  as  pink  spots  on  paper  chromatograms  in  a 
strongly  alkaline,  nonaqueous  medium.  In  contrast  to  their  results,  thiol 
esters  and  ergothioneine  do  not  react  with  N-ethylmaleimide  in  neutral, 
aqueous  media. 


Phosphotungstic  Acid  Method-Adapted  from  J.  P.  Danehy  and  J.  A.  Kreuz 

[J.  Am.  Chem.  Soc.,  83 ,  1109  (1961)] 

REAGENTS 

phosphotungstic  acid  reagent.  To  a  1 -liter  flask  equipped  with  a  reflux 
condenser,  add  100  grams  of  sodium  tungstate  dihydrate,  200  ml  of  distilled 
water,  and  50  ml  of  85%  phosphoric  acid.  Reflux  gently  for  1  hour,  add  5  drops 
of  bromine  to  discharge  the  light  blue  color  that  develops,  gently  reflux  for  5 
minutes,  and  then  boil  vigorously  for  20  minutes  to  expel  excess  bromine.  Allow 
the  solution  to  cool,  and  dilute  to  1  liter  with  distilled  water. 
acetate  buffer,  pH  5.  Dissolve  600  grams  of  sodium  acetate  trihydrate  and 
50  ml  of  glacial  acetic  acid  in  sufficient  distilled  water  to  give  2  liters  of  solution. 


PROCEDURE 

Add  2  ml  of  IN  hydrochloric  acid  solution  to  about  2  meq.  of  mercap¬ 
tan  in  2  to  5  ml  of  water  and  aspirate  for  10  minutes  with  nitrogen  to 
remove  any  hydrogen  sulfide.  Transfer  to  a  50-ml  volumetric  flask 
containing  10  ml  of  acetate  buffer,  4  ml  of  phosphotungstic  acid  reagent, 
and  a  single  drop  of  0.002M  cupric  sulfate.  Allow  the  blue  color  to 
develop  for  at  least  15  minutes  but  no  more  than  30  minutes. 

Read  the  absorption  at  660  nm  and  compare  with  a  graph  prepared 

with  known  amounts  of  mercaptan. 

The  method  was  used  successfully  for  mercaptoacetic  acid,  2- 
mercaptopropionic  acid,  and  3-mercaptopropionic  acid.  Sulfimc  acids  do 

not  interfere. 


34.  R.  Benesch,  R.  E.  Benesch,  M 


.  Gutcho,  and  L.  Laufer,  Science ,  123,  981  (1956). 
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RSSR 

Dialkyl  disulfides  can  be  determined  via  two  chemical  approaches.  By  the 
first  approach  the  disulfides  can  be  reduced  to  the  corresponding  mercap¬ 
tan  and  the  mercaptan  measured. 

RSSR  +  -^2RSH 

The  other  approach  is  the  bromine  oxidation  of  the  disulfide  to  the 
corresponding  sulfonic  acid  (see  equation,  p.  762). 

The  reduction  method  followed  by  mercaptan  titration  is  preferred 
because  it  is  the  more  specific.  The  oxidation  method  using  bromine 
suffers  from  more  interferences,  since  bromine  either  oxidizes  or  substi¬ 
tutes  with  many  organic  compounds.  The  oxidation  method  is  the  faster 
and  the  simplest,  however,  when  it  can  be  used. 

There  are  several  reduction  methods  that  can  be  applied  to  convert 
mercaptans  to  disulfides.  Kolthoff  et  al.  used  a  Jones-type  reductor  of  zinc 
amalgam  (see  pp.  760-1).  Siggia  and  Stahl  (see  below)  used  sodium 
borohydride.  Veibel  and  Wronski  used  butyllithium  (p.  757-8),  and 
Humphrey  and  Potter  used  tributylphosphine  (p.  758-9).  Bell  and  Agruss 
(1)  and  Karchmer  and  Walker  (2)  used  zinc  acetic  acid  reductions. 
Hubbard,  Haines,  and  Ball  (3)  compared  the  zinc  and  acetic  acid  method 
to  a  zinc  and  caustic  method.  The  zinc  and  acid  (or  alkali)  methods  suffer 
from  inconsistency  of  reaction  with  different  disulfides.  Time,  tempera¬ 
ture,  and  agitation  must  be  varied  and  controlled. 

Reduction  Methods 

SODIUM  BOROHYDRIDE  REDUCTION 
Adapted  from  Method  of  S.  Siggia  and  C.  R.  Stahl 

[ Reprinted  in  Part  from  Anal.  Chem.,  29 ,  154-5  (1957)] 

Because  of  its  freedom  from  interferences,  reduction  is  the  better 
means  of  determining  disulfides,  if  quantitative  reduction  can  be  accom¬ 
plished  in  a  reasonable  length  of  time.  After  various  means  of  reducing 

1.  R.  T.  Bell  and  M.  S.  Agruss,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13,  297  (1941). 

2.  J.  H.  Karchmer  and  M.  T.  Walker,  Anal.  Chem.,  30,  85-90  (1958). 

3.  R.  L.  Hubbard,  W.  E.  Haines,  and  J.  S.  Ball,  Ibid.,  30,  91-3  (1958). 
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disulfides  were  considered,  metal  hydrides  seemed  to  be  the  most  promis¬ 
ing  reducing  agents  to  investigate,  since  it  had  been  observed  that  when 
reductions  with  hydrides  are  quantitative,  they  proceed  in  a  short  time. 
Also,  the  hydrides  present  no  problem  in  the  analysis  of  the  mercaptan 
formed  on  reduction  once  they  were  decomposed.  Lithium  aluminum 
hydride  was  first  tried,  but  high  results  were  obtained.  This  appeared  to 
be  due  to  reduction  of  part  of  the  disulfide  to  hydrogen  sulfide,  since  two 
potential  breaks  were  observed  on  titration  of  the  reduced  samples  with 
silver  nitrate.  These  breaks  corresponded  to  those  obtained  by  titrating 
mixtures  of  hydrogen  sulfide  and  mercaptans,  and  no  silver  nitrate  was 
consumed  in  blank  titrations  of  the  decomposed  reagent. 

Reduction  with  sodium  borohydride  was  attempted  when  it  appeared 
unlikely  that  conditions  could  be  adjusted  to  eliminate  the  difficulties 
observed  in  using  lithium  aluminum  hydride.  Brown  and  Rao  found  that 
in  the  presence  of  aluminum  chloride  a  diethylene  glycol-dimethyl  ether 
solution  of  sodium  borohydride  (4)  reduced  diphenyl  disulfide.  An  esti¬ 
mated  reaction  completeness  of  about  90%  is  reported.  A  method  for 
quantitatively  determining  disulfides  was  developed  with  this  reduction  as 
a  basis.  After  reduction  the  excess  hydride  is  decomposed,  and  the 
mercaptan  obtained  is  titrated  potentiometrically  in  an  aqueous  solution 
of  sodium  and  ammonium  hydroxides  with  silver  nitrate.  The  reducing 
agent  will  interfere  with  the  titration  unless  it  is  completely  decomposed. 

The  decomposition  of  the  hydride  presented  a  problem  in  the  develop¬ 
ment  of  the  method,  because  sodium  borohydride  can  readily  be  decom¬ 
posed  only  by  the  addition  of  acid,  which  causes  a  rapid  evolution  of  gas 
and  loss  of  mercaptan.  Because  sodium  borohydride  and  aluminum 
chloride  apparently  form  aluminum  borohydride  (4,  5)  to  some  extent,  it 
seemed  probable  that  the  addition  of  dilute  sodium  hydroxide  would 
destroy  most  of  the  hydride  in  this  case,  and  no  mercaptan  would  be  lost 
from  the  basic  solution;  however  the  decomposition  with  sodium  hydrox¬ 
ide  was  found  to  be  vigorous,  and  mercaptan  was  lost  unless  the  decom¬ 
position  was  carried  out  in  a  flask  submerged  in  an  ice  bath  and  equipped 
with  a  long  coiled  condenser.  In  some  cases  a  small  amount  of  sodium 
borohydride  remained;  since  little  gas  was  evolved,  however,  it  was 
possible  to  decompose  this  with  acid  without  loss  of  mercaptan.  e 
procedure  finally  adopted  was  to  add  sodium  hydroxide  and  then  nitric 

acid  to  ensure  complete  decomposition. 


REAGENTS 

Sodium  borohydride,  2  grams  dissolved  in  100  ml  of  die.hylene  glycol  dimethyl 

ether  (Ansul  Chemical  Co.,  Marinette,  Wis.). 

4.  H.  C.  Brown  and  B.  C.  Rao,  J.  Am.  Chem.  Soc 78,  2582  (1956). 

5.  H.  C  Brown  and  B.  C.  Rao,  Ibid.,  77,  3164  (1955). 
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Anhydrous  aluminum  chloride. 

Sodium  hydroxide,  IN. 

Sodium  hydroxide,  6 N. 

Nitric  acid,  3 M. 

Concentrated  ammonium  hydroxide. 

Standard  0.1N  silver  nitrate. 

PROCEDURE 

Accurately  weigh  a  sample  containing  approximately  0.001  mole  of 
disulfide  and  place  it  in  a  150-ml  round-bottomed  flask  containing  15  ml 
of  sodium  borohydride  solution  and  approximately  0.5  gram  of  aluminum 
chloride.  Immediately  attach  the  flask  to  a  coil  condenser  40  cm  long,  and 
allow  the  reduction  to  proceed  at  room  temperature  for  30  minutes.  The 
order  of  addition  of  reagents  and  sample  to  the  flask  is  unimportant 
except  in  the  case  of  methyl  disulfide.  When  the  sodium  borohydride 
solution  and  the  aluminum  chloride  are  mixed,  a  rapid  reaction  takes 
place,  and  methyl  disulfide  is  lost  if  it  is  added  to  the  solution  before  the 
aluminum  chloride.  In  the  determination  of  methyl  disulfide,  mix  the 
sodium  borohydride  solution  and  the  aluminum  chloride  and  allow  to 
stand  in  an  ice  bath  for  a  few  minutes  while  the  sample  is  being  weighed. 
Another  approach  is  to  add  the  aluminum  chloride  in  solution  in  5  ml  of 
the  diglycol-diether  solvent.  This  solution  is  added  dropwise  to  the 
mixture  of  borohydride  solution  and  sample. 

When  reduction  is  complete,  submerge  the  flask  in  an  ice  bath,  and  add 
5  ml  of  IN  sodium  hydroxide  through  the  condenser.  Add  the  sodium 
hydroxide  a  few  drops  at  a  time  until  the  initial  vigorous  reaction 
subsides,  and  then  add  the  remainder  and  rinse  the  condenser  with  a  few 
milliliters  of  distilled  water.  Allow  the  solution  to  stand  for  2  or  3  minutes 
and  add  10  ml  of  3 M  nitric  acid.  Remove  the  ice  bath  and  add  10  ml  of 
6 N  sodium  hydroxide  after  about  2  minutes.  In  determining  methyl 
disulfide  it  is  better  to  allow  the  solution  to  stand  for  5  minutes  in  the  ice 
bath  after  adding  the  nitric  acid  and  to  add  the  sodium  hydroxide  before 
removing  the  ice  bath. 

Rinse  the  condenser  with  a  few  milliliters  of  distilled  water  and  remove 
the  flask.  Rinse  the  contents  of  the  flask  into  a  400-ml  beaker,  and  add 
10  ml  of  concentrated  ammonium  hydroxide.  Using  a  pH  meter  equipped 
with  silver  and  calomel  electrodes,  titrate  the  solution  potentiometrically 
with  standard  0.1N  silver  nitrate  solution.  The  break  occurs  between 
approximately  -325  and  -175  mV,  although  it  varies  somewhat  for  the 
different  mercaptans  being  titrated.  The  percentage  of  disulfide  is  calcu¬ 
lated  in  the  following  manner: 

%  Disulfide  =  Milliliters  x  N  of  AgNQ3  x  mol,  wt.  x  1QQ 

Weight  of  sample  x  2000 
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RESULTS  AND  DISCUSSION 

Results  obtained  for  the  six  disulfides  used  to  test  the  procedure  are 
given  in  Table  1.  The  precision  and  accuracy  of  the  method  are  within 
±1%.  Mercaptans  and  sulfides  do  not  interfere  with  the  procedure.  When 
sulfides  are  treated  in  the  same  manner  used  to  determine  disulfides,  no 

Table  1.  Determination  of  Disulfide 
by  Sodium  Borohydride  Reduction 


Disulfide 

Compound  Found,  % 


Phenyl  disulfide" 

99.2 

99.3 

99.8 

99.6 

Methyl  disulfide" 

99.4 

98.9 

99.0 

99.2 

Ethyl  disulfide" 

97.5 

97.2 

97.8 

97.1 

/7-Butyl  disulfide 

98.7 

98.7 

98.6 

99.1 

Isoamyl  disulfide 

95.5 

95.7 

96.3 

96.6 

95.9 

95.4 

Benzyl  disulfide 

99.0 

99.1 

99.4 

99.0 

a  Sulfur  values  obtained  on  these 
samples.  Phenyl  disulfide  found  — 
29.52  %,  theory  =  29.37  %.  Methyl 
disulfide  found  =  67.80  %,  theory 
=  68.08%.  Ethyl  disulfide  found 
=  50.63%,  theory  =  52.46%. 
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silver  nitrate  is  consumed  on  titration.  In  determining  the  disulfide 
content  of  a  sample  that  contains  mercaptan,  the  mercaptan  must  be 
determined  on  an  unreduced  sample  and  subtracted  from  the  va  u 
obtained  after  reduction.  The  mercaptan  is  unchanged  by  reduction  and 
titrates  with  the  reduced  disulfide. 


BUTYLLITHIUM  REDUCTION 

Adapted  from  the  Method  of  S.  Veibel  and  M.  Wronski 

[Anal.  Chem.,  38 ,  910  (2966)] 

Butyllithium  as  the  reagent  permits  the  maintenance  of  an  alkaline 
solution,  which  eliminates  the  possibility  of  introducing  errors  as  a  result 
of  evaporation  of  low-boiling  members  of  the  series  during  acidification. 


REAGENTS 

butyllithium  in  hexane.  Commercially  available. 

o-hydroxymercuribenzoate  (HMB),  0.0 IN.  Dissolve  3.2  grams  of  o- 
hydroxymercuribenzoic  anhydride  in  20  ml  of  IN  sodium  hydroxide  solution  and 
dilute  to  1  liter  with  50%  ethanol.  Calculate  the  normality  from  the  weight  of  the 
anhydride. 

indicator.  Prepare  a  solution  of  thiofluorescein  in  0.5 N  ammonia  in  50% 
aqueous  ethanol.  The  blank  value  of  the  indicator  should  not  be  more  than  0.05 N 
HMB  per  mole  of  the  indicator  solution. 

PROCEDURE 

Dissolve  a  sample  of  organic  disulfide  in  10  ml  of  dry  benzene  and  treat 
with  0.5  ml  of  6 N  butyllithium.  Choose  the  time  and  temperature  de¬ 
pending  on  the  disulfide  type  (Table  2).  Add  15  ml  of  ethanol  cooled  in 
ice,  and  titrate  the  solution  with  0.01  N  HMB  in  the  presence  of  1  ml  of 
the  thiofluorescein  indicator  to  the  disappearance  of  the  blue  color. 


DISCUSSION  AND  RESULTS 

The  results  are  summarized  in  Table  2. 

In  the  reaction,  one  mole  of  thiol  is  produced  per  mole  of  disulfide  and 
at  the  same  time  one  mole  of  thioether  is  formed. 

RSSR  4-  C4HgLi->  RSC4H9  +  RSLi 
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Table  2.  Determination  of  Organic  Disulfides  with  Butyllithium 

Reaction  with 
Butyllithium 


Disulfide 

Time, 

sec. 

Temp., 

°C 

Sample, 

mg 

Range  of 
Errors,  % 

Average 

Recovery, 

% 

Number  of 
Determinations 

Methyl 

30 

25 

1-12 

-1.1  to  +0.6 

99.5 

5 

Ethyl 

60 

40 

2-12 

—  1.1  to  +0.4 

99.4 

5 

Butyl 

60 

70 

5-25 

1 

o 

d 

O 

1 

o 

99.5 

5 

Isopropyl 

60 

70 

5-25 

-0.8  to  +0.4 

99.7 

5 

Phenyl 

60 

25 

5-25 

tr> 

o 

l 

o 

7 

99.1 

5 

Benzyl 

Trimethylene 

10 

15 

8-40 

-0.4  to  +0.6 

100.2 

5 

(1,2-dithiolane) 

60 

70 

4-12 

Cf 

7 

o 

7 

98.5 

5 

To  some  extent  a  reaction  of  butyllithium  and  thioether  can  take  place. 

C4H9Li  +  RSR^  C4H9R  +  RSLi 

This  reaction,  however,  is  very  slow  in  comparison  with  the  disulfide 
reaction,  and  usually  quantitative  conversion  of  disulfide  is  obtained 
without  significant  interference  from  the  subsequent  reaction.  As  an 
example,  after  60  seconds  at  70°C,  the  determinations  of  methyl  ethyl, 
and  benzyl  disulfides  result  in  107,  102,  and  120%  recovery,  respectively. 
Table  2  reveals  that  in  the  estimation  of  these  disulfides,  temperatures  of 
25,  40,  and  15°C,  respectively,  are  recommended;  the  interference  is 
negligible  even  for  benzyl  disulfide. 


REDUCTION  WITH  TRIBUTYLPHOSPHINE 

Adapted  from  the  Method  of  R.  E.  Humphrey  and  J.  L.  Potter 

[Anal.  Chem.,  37,  164  (1965)] 

Aromatic  disulfides  are  quantitatively  reduced  to  thiols  by  tnphenyl- 
phosphine  at  room  temperature  in  aqueous  methanol  containing  per- 
chloric  acid  (6).  Alkyl  disulfides,  however,  are  reduced  by  only  20  to  30% 
in  4  hours  at  room  temperature  by  this  procedure  and  by  80  to  90%  after 
reflux  in  aqueous  methanol  for  several  hours.  Some  alkyl  disulfides  and 
benzyl  disulfide  are  not  reduced  by  triphenylphosphine  in  benzene  at 

elevated  temperatures.  .  . 

Tributylphosphine,  on  the  other  hand,  because  of  its  more  basic  and 

nucleophilic  nature,  is  more  effective  than  triphenylphosphine  in  reducing 
alkyl  disulfides  to  thiols. 

6.  R.  E.  Humphrey  and  J.  M.  Hawkins,  Anal.  Chem.,  36,  1812  (1964). 
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REAGENTS 

Tributylphosphine  is  available  from  M  &  T  Chemicals  and  can  be  used  without 
further  purification. 

PROCEDURE 

Dissolve  the  weighed  sample  containing  0.05  mM  of  disulfide  and  a 
weighed  amount  of  tributylphosphine  (0.10  mM)  in  1  to  2  ml  of  acetone 
and  dilute  to  approximately  100  ml  with  10%  aqueous  methanol.  Alter¬ 
natively,  use  aliquots  of  millimolar  solutions  of  the  disulfide  and  of  the 
phosphine.  Allow  the  reaction  mixture  to  stand  for  up  to  1  hour.  Add  1 
to  2  ml  of  a  0.10 M  sulfur  solution  in  benzene,  equivalent  to  the  amount 
of  phosphine  introduced,  to  remove  excess  phosphine.  Then  add  1  ml  of 
70%  perchloric  acid  and  titrate  the  thiol  amperometrically  with  0.0 1M 
silver  nitrate  solution. 

DISCUSSION  AND  RESULTS 

The  reaction  was  presumed  to  proceed  according  to  the  following 
equation:  RSSR  +  (C4H9)3P  +  H20->  2RSH  +  (C4H9)3PO 

Essentially  quantitative  reductions  of  the  disulfides  investigated  within 
5  to  60  minutes  were  realized,  as  indicated  in  Table  3. 


Table  3.  Reduction  of  Disulfides  with  Tributylphosphine 

Time,"  RSSR,h  Reduction, 
Compound  min.  mg  % 


Bis(o-nitrophenyl) 

disulfide 

20 

13.6 

97 

4,4'-Dithiodianiline 

20 

13.9 

98 

Phenyl  disulfide 

5 

9.5 

95 

30 

8.9 

100 

p-Tolyl  disulfide 

5 

10.4 

100 

15 

9.7 

98 

Benzyl  disulfide 

30 

18.2 

94 

60 

18.2 

103 

Butyl  disulfide 

30 

13.3 

88 

60 

13.5 

98 

Propyl  disulfide 

60 

11.3 

97 

Elemental  sulfur  added  after  this  period  of  time  to  remove 
remaining  phosphine  and  stop  reaction. 

Sufficient  tributylphosphine  added  so  ratio  of  phosphine  to 
disulfide  was  approximately  2:1. 
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JONES-TYPE  REDUCTION 

The  Jones-type  reduction  does  not  yield  values  as  accurate  and  precise 
as  does  the  sodium  borohydride  reduction.  The  results  are  generally 
about  5%  low,  with  a  precision  of  ±2%.  But  the  Jones  reduction 
approach  can  be  applied  to  solution  media  to  which  the  borohydride  is 
inapplicable. 


Method  of  I.  M.  Kolthoff,  D.  R.  May,  P.  Morgan,  H.  A.  Laitinen,  and  A.  S. 
O’Brian 

[ Ind .  Eng.  Chem.,  Anal.  Ed.,  18 ,  442-4  (1946)] 

REAGENTS 

Sulfuric  acid,  0.3 N,  in  90%  ethanol. 

zinc  amalgam  (0.02%  in  mercury).  By  stirring  with  6 N  hydrochloric  acid 

for  1  minute,  etch  100  grams  of  20-mesh  granulated  zinc.  Next  add  27  mg  of 
mercuric  chloride,  for  1  minute,  and  wash  the  zinc  with  distilled  water.  The  Jones 
reductor  should  be  of  convenient  size  to  hold  100  grams  of  20-mesh  zinc. 
Sulfuric  acid,  10N. 

The  reagents  for  the  determination  of  the  mercaptan  formed  by  the  reduction 
are  given  with  the  procedures  for  mercaptans  (pp.  717-20). 


PROCEDURE 

Dissolve  a  sample  containing  about  0.0003  mole  of  disulfide  in  90% 
ethanol  that  is  0.3N  in  sulfuric  acid,  heat  25-ml  portions  of  the  solution 
to  50°C,  and  allow  this  to  flow  through  the  reductor,  which  is  immersed  in 
a  bath  held  at  50°C  (Fig.  19.1).  The  rate  of  flow  is  such  that  the  disulfide 
solution  remains  in  contact  with  the  amalgamated  zinc  for  about  5 
minutes.  Then  rinse  the  reductor  quantitatively  with  three  successive 
25-ml  portions  of  0.3  N  sulfuric  acid  in  90%  ethanol.  The  solution  is 
analyzed  for  mercaptan.  Kolthoff  et  al.  used  the  amperometr.c  silver 
method  described  previously  (pp.  717-20);  however  any  of  the  other 
procedures  described  in  Chapter  18  on  mercaptans  (pp.  707--8),  except 

possibly  the  iodimetric  method,  may  be  used.  ,  c  , 

Incomplete  reduction  occurs  if  the  reductor  is  not  completely  clean  For 
cleaning  use  a  10N  sulfuric  acid  solution.  The  reductor  should  be 
checked  with  a  standard  disulfide  solution  before  each  series  of  runs  to  be 
sure  that  it  is  in  working  order.  If  the  reductor  remains  slow  even 
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Fig.  19.1.  Disulfide  reduction  apparatus. 


rinsing  with  ION  sulfuric  acid,  it  should  be  refilled  with  fresh  zinc 
amalgam. 

If  the  sample  contains  mercaptan,  the  mercaptan  is  determined  on  an 
unreduced  sample.  A  sample  is  then  reduced,  and  the  total  mercaptan  is 
determined.  The  difference  will  yield  the  disulfide  content.  This  method 
was  tested  only  with  n-dodecyl  disulfide. 


Oxidation  Method  Using  Bromine 

Adapted  from  S.  Siggia  and  R.  L.  Edsberg 

[Anal.  Chem.,  20 ,  938-9  ( 1948 )] 

The  bromination  procedure  as  described  for  alkyl  sulfides  can  also  be  used 
to  determine  disulfides.  This  method  is  faster  and  simpler  than  the  reduction 
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methods  described,  but  more  compounds  interfere.  The  reaction  is 


RSSR  +  5Br2  +  4H20^  2RS02Br  +  8HBr 


For  most  disulfides,  more  acid  is  required  to  achieve  complete  reaction 
than  is  needed  for  alkyl  sulfides.  The  alkyl  sulfides  require  only  3  ml  of 
concentrated  hydrochloric  acid.  Table  4  shows  the  amount  of  acid  needed 
for  various  disulfides.  When  in  doubt  as  to  the  amount  of  acid  to  use  for  a 
particular  disulfide,  it  is  best  to  use  25  ml  of  concentrated  sulfuric  acid, 
since  this  amount  of  acid  is  great  enough  to  work  for  the  most  inert 


Table  4 


Milliliters  of 

Percentage 

Sample 

Acid  Used 

Found 

Butyl  disulfide  in  50  ml.  of  80%  glacial 

3  ml.  cone.  HC1 

87.2 

acetic  acid  and  20%  water 

5  ml.  cone.  HC1 

92.2 

10  ml.  cone.  HC1 

95.8 

25  ml.  cone.  HC1 

96.8 

5  ml.  6/V  H2S04 

79.6 

5  ml.  12WH2S04 

83.0 

10  ml.  \2N  H2S04 

86.9 

10  ml.  cone.  H2S04 

97.8 

20  ml.  cone.  H2S04 

98.8 

25  ml.  cone.  H2S04 

98.8 

30  ml.  cone.  H2S04 

98.8 

Ethyl  disulfide  in  50  ml.  of  80%  glacial 

3  ml.  cone.  HC1 

71.3 

acetic  acid  and  20%  water 

10  ml.  cone.  HC1 

86.4 

20  ml.  cone.  H2S04 

95.6 

25  ml.  cone.  H2S04 

95.3 

30  ml.  cone.  H2S04 

95.3 

Phenyl  disulfide  in  50  ml.  of  80%  glacial 
acetic  acid  20  %  water 

3  ml.  cone.  HC1 

94.5 

95.0 

94.3 

25  ml.  cone.  HC1 

94.0 

/-Cystine  in  50  ml.  of  water 

3  ml.  cone.  HC1 

100.0 

99.6 

25  ml.  cone.  HC1 

99.6 

20  ml.  cone.  H2SQ4 

99.6 
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disulfides  Disulfides  that  will  react  quantitatively  with  much  less _acid _wtll 

2“  “ «  il,  in  Ihe  prince  of  25  n,,  S“ 

acid  Also  it  is  best  to  titrate  the  solution  while  it  is  warm  (abou 
30-50°C).  Solutions  cooled  below  these  temperatures  react  too  slowly  to 


give  a  sharp  end  point.  .  ,  .  ^  . 

Mixtures  of  alkyl  sulfides  and  alkyl  disulfides  can  be  determined  by  firs 

obtaining  the  total  of  the  two  types  by  the  bromination  method  jus 
discussed,  then  determining  the  disulfide  by  the  reduction  methods  of 
Siggia  and  Stahl  (pp.  753-61).  The  difference  between  the  two  analyses 

will  yield  the  amount  of  the  alkyl  sulfide. 

Samples  containing  mercaptans  can  also  be  determined,  provided  the 

conditions  are  the  same  as  those  described  for  alkyl  sulfides. 


Milliliters  of  BrO^ -BfxiVx  mol,  wt.  of  compound  x  100 

Grams  of  sample  x  10,000 


=  %  compound 


Houff  and  Schuetz  (7)  carried  out  the  bromine  oxidation  analyses  using 
a  dead-stop  electrometric  end  point.  This  makes  possible  the  titration  of 
colored  samples. 


Mixtures  of  Dialkyl  Disulfides  and  Dialkyl  Sulfides 

Mixtures  of  alkyl  disulfides  and  sulfides  can  be  determined  by  first 
applying  the  bromine  oxidation,  which  yields  both  the  disulfide  and  the 
sulfide.  Then,  by  using  the  reduction  methods  (pp.  775-76),  the  disulfide 
alone  can  be  determined;  the  sulfide  is  obtained  by  difference. 


Mixtures  of  Dialkyl  Disulfides  and  Mercaptans 

These  mixtures  can  readily  be  determined  by  first  determining  the  free 
mercaptan  by  any  of  the  methods  in  Chapter  18.  A  second  sample  can 
then  be  reduced  by  any  of  the  reduction  methods  shown,  the  total 
mercaptan  can  be  determined,  and  the  disulfide  can  then  be  determined 
by  difference.  For  the  latter  it  is  preferable  to  use  the  sodium  borohydride 
for  the  reduction  method,  since  the  accuracy  is  better  than  the  Jones 
reductor  method  and  the  difference  value  is  less  subject  to  error. 

The  total  mercaptan  and  disulfide  can  be  determined  using  the  bromi¬ 
nation  method,  provided  the  mercaptan  content  is  low  (pp.  775-8),  since 

7.  W.  H.  Houff  and  R.  D.  Schuetz,  Anal.  Chem.,  25,  1258  (1953). 
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mercaptans  yield  results  that  are  5%  low  by  bromination.  If  the  mercap¬ 
tan  content  is  high,  this  error  will  accumulate  in  the  value  for  disulfide. 

Another  method  involves  the  reaction  of  the  mercaptan  with  acryloni¬ 
trile  and  determination  of  the  disulfide  in  the  reaction  mixture.  This  is  the 
method  of  Earle. 


Method  of  T.  E.  Earle 

[ Adapted  from  Anal.  Chem.,  25 ,  769  (1953)] 

In  seeking  a  method  by  which  disulfides  could  be  determined  directly, 
consideration  was  given  to  methods  utilizing  precipitation  or  extraction  to 
eliminate  the  interfering  thiols.  Removal  of  thiols  as  silver  salts  (8),  or  as 
other  insoluble  heavy-metal  mercaptides,  was  unattractive  because  of  the 
gummy  nature  of  the  precipitate  formed  by  the  mixed  thiols  present  in 
petroleum  distillates.  Removal  of  thiols  by  extraction  with  alkali  is  not 
quantitative,  and  air  oxidation  of  thiols  to  disulfides  is  accelerated  in 
alkaline  media.  A  specific  reaction  of  the  thiols  was  therefore  sought,  the 
reagents  and  products  of  which  would  not  interfere  in  the  subsequent 
reduction  of  disulfide  to  thiols  or  in  the  titration  of  thiols  with  silver 
nitrate. 

Acrylonitrile  and  other  conjugated  unsaturated  nitriles,  esters,  and 
ketones  react  with  thiols  in  the  presence  of  small  amounts  of  alkaline 
condensing  agents  to  form  thioethers  (9-11).  This  reaction  suggested  the 
use  of  an  excess  of  an  unsaturated  compound  of  this  type  to  remove  thiols 
quantitatively  from  mixtures  with  disulfides. 


DEVELOPMENT  OF  METHOD 

Acrylonitrile  and  related  unsaturated  compounds  were  screened  as 
thiol  acceptors,  and  three  alkaline  condensing  agents  were  tested.  The 
necessary  amount  of  the  selected  acceptor  was  then  determined,  and  an 
operable  procedure  for  the  determination  of  disulfides  was  developed. 

The  three  thiol  acceptors  tested  were  acrylonitrile,  mesityl  oxide,  and 
methyl  acrylate.  Alkalies  tested  were  potassium  hydroxide, 

8.  I.  M.  Kolthoff,  D.  R.  May,  and  Perry  Morgan,  bid.  Eng.  Chem.,  Anal.  Ed.,  18,  442 

9.  'Tw  Beesing,  W.  P.  Tyler,  D.  M.  Kurtz,  and  S.  A.  Harrison,  Anal.  Chem.,  21,  1073 
(1949) 

10.  L.  L.  Gershbein  and  C.  D.  Hurd,  J.  Am.  Chem.  Soc..  69,  241 I  ( 1947 > 

11.  M.  W.  Harman  (to  Monsanto  Chemical  Co.),  U.S.  Patent  2,413,  (  •  . 
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trimethvlbenzylammonium  hydroxide,  and  trimethylphenylammonium 
hydroxide.  Every  combination  of  acceptor  and  alkali  was  tested  wi 
known  solutions  of  1-butanethiol  (m-butyl  mercaptan)  and  -me  y 
propanethiol  (fert-butyl  mercaptan)  in  n-heptane.  The  absence  of  thi 
was  indicated  by  the  absence  of  lead  sulfide  formation  when  ‘he  heptane 
solution  was  treated  with  sodium  plumbite  solution  and  sulfur  (12>- Tab‘e 
5  indicates  that  thiol-free  heptane  solutions  were  obtained  in  the  shortest 
reaction  times  when  acrylonitrile  and  potassium  hydroxide  were  used 

together. 

Table  5.  Screening  of  Combinations  of  Thiol  Acceptors  and  Alkalies 


(Minutes  required  for  complete  reaction) 

Alkali 


Thiol  Acceptor® 

22%  Aqueous 

40%  Aqueous 

7  %  Potassium 

Trimethylbenzyl- 

Trimethylphenyl- 

Hydroxide  in 

Ammonium 

Ammonium 

Ethanol 

Hydroxide 

Hydroxide 

1-Butanethiol,  0.84  Gram  of  Thiol  Sulfur  per  Liter 

Acrylonitrile 

<10 

15 

15 

Mesityl  oxide 

15 

>20 

<20 

Methyl  acrylate 

10 

>20 

>20 

2-Methyl-2-propanethiol,  0.91  Gram  of  Thiol  Sulfur  per  Liter 

Acrylonitrile 

<10 

15 

<10 

Mesityl 

15 

>20 

>20 

Methyl  acrylate 

<10 

>20 

>20 

a  Molar  ratio  of  acceptor  to  thiol: 

12  :1  to  24  :1. 

Investigation  of  the  necessary  excess  of  acrylonitrile  was  made  in  a 
similar  manner,  with  the  results  given  in  Table  6.  A  6:1  molar  ratio  of 
acrylonitrile  to  thiol  is  sufficient  to  give  quantitative  reaction  with  eight 

alkyl  and  aryl  thiols.  Minimum  ratios  of  acrylonitrile  to  thiol  were  not 
investigated. 

To  determine  the  behavior  of  thiols  in  the  presence  of  acrylonitrile  in 
acid  solution,  the  reaction  of  eight  thiols  with  acrylonitrile  in  2-propanol 

12'  TCSting  3nd  Materials’  1949  Book  of  ASTM  Standards ,  pt.  5, 

Philadelphia,  1949,  p.  923.  F 
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Table  6.  Molar  Ratio  of  Acrylonitrile  to  Thiol  Giving  Com¬ 
plete  Reaction  in  10  Minutes 

(Alkali,  KOH,  7  %  in  ethyl  alcohol) 

Thiol  Thiol  Sultur,  G./L.  Molar  Ratio 


rt-Decyl 

0.53 

3:1 

tert-  Butyl 

0.81 

2:1 

fc/7-Octyl 

0.44 

6:1 

CycloalkyH 

0.49 

3:1 

Phenyl 

0.81 

3:1 

/?-Tolyl 

0.92 

3:1 

2-Naphthyl 

0.47 

3:1 

Arylb 

0.26 

3:1 

a  Mixed  cyclohexyl  and  methylcyclopentyl. 
b  Mixture  from  petroleum. 


and  acetic  acid  was  studied.  The  results  are  given  in  Table  7.  The  alkyl 
thiols  did  not  react  with  acrylonitrile,  but  the  aryl  thiols  reacted  to  a 
considerable  extent.  It  is  therefore  necessary  to  remove  the  excess 
acrylonitrile  before  converting  the  disulfides  to  thiols  by  reduction  in  acid 
solution. 

Table  7.  Reaction  of  Thiols  with  Acrylo¬ 
nitrile  in  Presence  of  Acetic  Acid 

Thiol  %  Reacted  in  2  Hours 


/7-Decyl 

0 

rm-Butyl 

0 

/e/7-Octyl 

0 

Cycloalkyl 

0 

Phenyl 

60 

jP-Tolyl 

70 

2-Naphthyl 

50 

Aryl 

30 

PROCEDURE 

Determination  of  disulfides  in  the  presence  of  thiols  was  achieved  by 
reaction  of  acrylonitrile  with  thiols,  removal  of  excess  acrylonitrile,  reduc¬ 
tion  of  disulfides  to  thiols,  and  titration  with  silver  nitrate. 

To  50  ml  of  sample  in  a  125-ml  separatory  funnel,  add  a  minimum  ot  6 
moles  of  acrylonitrile  per  mole  of  thiol  present,  followed  by  2  ml  ot  IN 
alcoholic  potassium  hydroxide.  Allow  the  mixture  to  react  for  10  minutes. 
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with  occasional  swirling,  and  wash  it  three  times  with  50  ml  ot  water  to 
remove  the  excess  acrylonitrile.  Wash  the  contents  of  the  separatory 
funnel  into  a  250-ml  beaker  with  100  ml  of  99%  2-propanol  and  add 
50  ml  of  glacial  acetic  acid.  Pass  the  solution  through  a  zinc  reductor  (8), 
at  room  temperature  for  samples  boiling  below  200°C,  or  at  60  C  for 
higher-boiling  samples.  Then  wash  the  reductor  successively  with  100  ml 
of  5%  acetic  acid  in  2-propanol  and  with  100  ml  of  2-propanol.  Dilute 
the  reduced  material  and  washings  to  a  definite  volume  with  2-propanol, 
and  take  an  aliquot  for  titration  of  thiol  with  standard  silver  nitrate 

solution  (13)  (see  pp.  708-14). 


DISCUSSION 

Because  only  aryl  thiols  react  with  excess  acrylonitrile  in  acid  solution, 
the  water  washing  may  be  omitted  if  no  aryl  disulfides  are  present.  With 
certain  types  of  sample  it  may  be  found  convenient  to  remove  excess 
acrylonitrile  by  reaction  for  30  minutes  with  excess  o-  or  p-cresol,  rather 
than  by  water  washing;  the  effectiveness  of  this  technique  is  illustrated  in 
Table  8. 

Table  8.  Comparison  of  Methods  of  Removal  of  Acrylonitrile 


Added,  Grams/Liter 

\/i  j  i  Disulfide  Sulfur 

Method  of  Removal  _  ,  _ 

Found,  Grams/Liter 

Disulfide  Sulfur 

Thiol  Sulfur 

Phenyl  Thiol  and  Diphenyl  Disulfide 

0.62 

1.00 

None 

0.40 

Water  washing 

0.59,  0.60 

1.06 

0.81 

Phenol 

0.55 

w-Cresol 

0.44 

£>-Cresol 

1.02 

p-Cresol 

1.03,  0.98 

p-Tolyl  Thiol  and  Di-p-tolyl  Disulfide 

0.29 

0.86 

Water  washing 

0.29,  0.30 

o-Cresol 

0.27,  0.28 

0.57 

0.58 

None 

0.28,  0.19 

Water  washing 

0.57,  0.56 

tf-Cresol 

0.57,  0.56 

13.  M.  W.  Tamele  and  L.  B.  Ryland,  Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  16  (1936). 
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Table  9  presents  the  analyses  of  heptane  solutions  of  mixtures  of  thiols 
and  the  corresponding  disulfides  by  the  procedure  described.  The  agree¬ 
ment  of  the  disulfide  values  with  the  amounts  taken  is  generally  within 
5%. 


Table  9.  Disulfide  Analyses  of  Thiol-Disulfide  Mixtures 


Thiol  Sulfur, 
Grams/Liter 


Disulfide  Sulfur,  Grams/Liter 


Taken  Found 


/7-Butyl 

0.20 

0.18 

0.18,  0.17,  0.18 

/7-Butyl 

0.60 

0.10 

0.10,  0.09,  0.10 

/7-Dodecyl 

0.59 

0.40 

0.40,  0.40 

tert- Butyl 

0.44 

0.38 

0.40,  0.36,  0.39 

tert- Octyl 

0.44 

0.43 

0.41,  0.41,  0.37 

Cycloalkyl 

0.24 

0.13 

0.13,  0.14 

Phenyl 

1.13 

0.62 

0.59,  0.60 

//-Cresyl 

0.86 

0.29 

0.29,  0.30 

/7-Cresyl 

0.58 

0.57 

0.57,  0.56 

Table  10  compares  analyses  of  three  petroleum  distillates  with  the 
results  obtained  by  the  indirect  method.  The  first  distillate  contained 
small  amounts  of  olefins;  the  second,  considerable  olefins  and  aromatics; 
and  the  third,  small  amounts  of  aromatics.  When  the  thiol-disulfide  ratio 

Table  10.  Disulfide  Analyses  of  Petroleum  Distillates 

Disulfide  Sulfur,  Grams/Liter 

°r  Thiol  Sulfur, - - - - 

Boiling  Range,  C  Grams/Liter  present  Method 


25-70 

0.52 

-0.05, 

0.06 

0.10, 

0.31 

0.10, 

0.06 

0.12, 

66-204 

0.31 

0.02, 

0.26 

0.04, 

0.09 

0.12, 

0.06 

0.18, 

165-293 

0.68 

0.02, 

0.65 

0.04, 

0.15 

0.51, 

0.03 

0.56, 

-0.06, 

-0.01 

0.05,  0.05,  0.05 

0.09, 

0.11 

0.12,  0.12,  0.12 

0.13, 

0.11 

0.20,  0.20,  0.21 

0.12, 

0.12 

0.14,  0.14,  0.15 

0.02, 

0.02 

0.04,  0.04,  0.04 

0.04, 

0.05 

0.05,  0.05,  0.05 

0.11, 

0.11 

0.12,  0.12,  0.12 

0.17, 

0.18 

0.16,  0.16,  0.17 

0.11, 

0.10 

0.10,  0.1 1,  0.10 

0.04, 

0.03 

0.10,  0.10,  0.10 

0.49, 

0.49 

0.49,  0.51, 0.52 

0.56, 

0.53 

0.55,  0.55,  0.54 
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was  less  than  10:1  and  volatile  thiols  were  not  present,  good  "“ment 
was  obtained.  Low  results  were  given  by  the  indirect  method .in  ca 
where  the  thiol-disulfide  ratio  was  high  or  where  volatile  thiols  we 


P  The  precision  of  the  method,  as  indicated  by  the  data  in  Tables  9  an 
10  is  on  the  order  of  0.01  gram  of  disulfide  sulfur  per  liter  for  normal 
alkyl  and  aryl  disulfides.  The  slightly  lower  precision  for  tertiary  disulfides 
does  not  reduce  the  precision  of  the  method  when  applied  to  petroleum 
distillates,  which  do  not  generally  contain  compounds  of  this  type. 

In  the  alkaline  medium  of  the  reaction  step,  any  free  sulfur  present 
would  be  expected  to  react  with  mercaptan,  resulting  in  a  high  value  for 
disulfide  content.  Polysulfides,  which  contain  loosely  bound  sulfur,  would 
probably  behave  similarly.  These  interfering  materials  are  not  present  in 
significant  amounts  in  untreated  petroleum  distillates— the  type  of  sample 
for  which  the  method  is  most  useful. 


Determination  of  Traces  of  Disulfides 

Traces  of  disulfides  can  be  determined  by  reduction  by  any  of  the 
foregoing  approaches  and  determination  of  the  resulting  mercaptan  by 
any  of  the  colorimetric  methods  shown  earlier  (pp.  747-52).  The  Jones- 
type  reduction  has  an  advantage  here  in  that  no  extraneous  materials  are 
added  to  the  sample.  The  relatively  low  accuracy  is  not  disturbing  on  the 
trace  level.  The  sodium  borohydride  has  an  advantage,  however,  if  the 
resulting  mercaptan  can  be  distilled  or  steam-distilled.  In  these  cases  large 
quantities  of  sample  can  be  taken  and  reduced,  and  the  resulting  mercap- 
tans  can  be  concentrated  by  distillation.  The  distillate  can  then  be 
analyzed  titrimetrically  or  colorimetrically  (see  Chapter  18). 
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RSR 


Organic  sulfides  (thioethers)  are  readily  oxidized  in  general  according  to 
the  following  overall  reactions: 

R2S  +  (0)  R2SO  r2so2 

Sulfoxide  Sulfone 

The  reaction  to  the  sulfoxide  goes  very  rapidly;  that  to  the  sulfone 
proceeds  more  slowly.  Therefore  when  oxidation  is  used  as  a  quantitative 
means  for  the  determination  of  sulfides,  the  results  tend  to  be  high  when 
obtained  from  reaction  to  sulfoxide  and  low  when  obtained  from  reaction 
to  sulfone. 

The  difficulties  of  overoxidation  can  be  controlled  by  the  use  of 
carefully  controlled  conditions  such  as  by  avoiding  an  excess  of  the 
oxidizing  agent  or  by  quenching  the  oxidation  after  the  appropriate 
reaction  time  interval.  In  the  first  method  to  be  described,  bromine  is  the 
oxidizing  agent  and  the  titration  is  made  until  a  slight  excess  of  bromine  is 
detected.  In  this  way  there  is  never  a  large  excess  of  bromine  present  to 
carry  the  reaction  beyond  the  sulfoxide  stage.  The  bromine  color  end 
point  does  fade  because  of  oxidation  to  the  sulfone,  but  it  fades  so  slowly 
that  the  end  point  can  be  detected  without  difficulty.  If  the  analysis  is 
carried  out  by  adding  excess  bromine,  the  excess  bromine  accelerates  the 
reaction  to  sulfone,  and  high  results  are  obtained. 

This  procedure,  with  slight  modification  (pp.  761-3)  may  also  be 
employed  to  determine  disulfides.  A  method  for  determining  sulfides  and 
disulfides  in  the  presence  of  each  other  is  also  described  (p.  763). 

Bromine  is  involved  in  the  second  method  as  well,  but  it  is  present  only 
in  catalytic  amounts,  with  the  actual  titrations  made  with  lead  tetraacetate 
solution.  The  reactions  taking  place  during  the  application  of  this  method 
were  formulated  as  follows: 


2Br 


QxidanU  Br- 


Br->  + 


Rv 


Ri 


Rs 


Ri 


S+Br 


Br' 


R. 


Rs 


HOAC-H2O 


S+Br 


•  Br“ 


R 


S=0  +  2HBr 
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The  hvdrobromic  acid  liberated  is  continuously  oxidized  by  the  oxidizing 
agent  added  during  the  titration  and  is  used  up  immediately  in  the  second 
step  of  the  reaction  series. 

A  third  method  involves  oxidation  with  hydrogen  peroxide  and  poten- 
tiometric  titration  with  perchloric  acid  of  the  sulfoxide  formed. 


Adapted  from  the  Method  of  Siggia  and  Edsberg 


[Ind.  Eng.  Chem.,  Anal  Ed.,  20,  938-9  (1948)} 


REAGENTS 

bromate-bromide,  0.1N.  Dissolve  2.78  grams  of  dry  potassium  bromate  and 
10  grams  of  potassium  bromide  in  water  and  dilute  to  1  liter.  Standardize  the 
solution  by  adding  6  ml  of  6 N  sulfuric  acid  to  a  50-ml  aliquot  of  solution  in  a 
250-ml  iodine  flask.  Chill  the  flask  in  an  ice  bath,  and  add  10  ml  of  20%  potassium 
iodide  by  placing  the  potassium  iodide  solution  in  the  well  and  raising  the  stopper 
carefully  so  that  the  solution  flows  into  the  flask  without  allowing  the  bromine 
vapors  to  escape.  Shake  the  flask  for  2  to  3  minutes  to  allow  the  bromine  vapors 
to  react  with  the  potassium  iodide.  The  iodine  liberated  is  titrated  with  standard 
0.1N  thiosulfate,  starch  indicator  being  used. 

Glacial  acetic  acid. 

Concentrated  hydrochloric  acid. 


PROCEDURE 

Weigh  a  sample  containing  about  0.002  mole  of  alkyl  sulfide  into  a 
250-ml  Erlenmeyer  flask  and  dissolve  it  in  40  ml  of  glacial  acetic  acid. 
To  this  solution  add  10  ml  of  water  (less  water  can  be  added  if  the  sample 
comes  out  of  solution).  Next  add  3  ml  of  concentrated  hydrochloric  acid 
and  titrate  the  solution  with  0.1  N  bromate-bromide  solution  until  the  first 
yellow  color  due  to  excess  of  bromine  is  detected.  The  end  point  is  not  as 
sharp  as  a  starch-iodine  end  point,  but  it  is  easily  distinguished.  Run  a 
blank  on  the  solvents  alone  to  correct  for  the  amount  of  excess  bromine 
needed  to  detect  the  end  point.  The  blank  amounts  to  about  0.25  ml. 


CALCULATIONS 

Milliliters  of  BrQ3  Br  x  N  x  mol,  wt.  of  alkyl  sulfide  x  100 

Grams  of  sample  x  2000 


=  %  alkyl  sulfide 
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This  procedure  is  accurate  to  better  than  0.5%  if  large  titrations  (about 
40  ml)  are  used.  This  minimizes  end  point  errors;  the  end  point  is 
reproducible  to  about  0.1  ml. 

Diethyl,  di-rc -butyl,  diisobutyl,  and  dibenzyl  sulfides  are  used  to  stan¬ 
dardize  the  procedure. 

Houff  and  Schuetz  (1)  carried  out  the  bromine  oxidation  analyses  using 
a  dead-stop  electrometric  end  point,  which  makes  possible  the  titration  of 
colored  samples. 

Adapted  from  the  Method  of  C.  Casalini,  G.  Cesarano,  and  G.  Mascellani 

[Anal  Chem.,  49,  1002  (1977)] 

EXPERIMENTAL 

A  Mettler  automatic  titrator  was  used,  with  platinum  and  saturated 
calomel  electrodes. 

The  solution  to  be  titrated  contained  approximately  2.5  x  10-4  mole  of 
the  sulfide  and  approximately  2.5  x  10-6  mole  of  potassium  bromide  or 
1.2  x  10-6  mole  of  bromine  in  about  70  ml  of  70%  acetic  acid  in  water. 
Potassium  bromide  was  preferred  to  bromine  water.  Lead  tetraacetate 
(0.1  N)  was  used  as  the  titrant.  At  the  beginning,  the  titrant  was  added  at 
a  rate  of  4  ml  per  minute.  In  the  proximity  of  the  potential  jump,  the 
titrator  adjusted  automatically  the  delivery  rate  of  the  titrant  to  the  shape 
of  the  potentiometric  curves. 


RESULTS  AND  DISCUSSION 

The  method  described  was  applied  to  alkyl  sulfides,  aryl  alkyl  sulfides, 
diphenyl  sulfides,  and  the  cyclic  sulfides  represented  by  cephalosporins. 
Tables  1  and  2  give  the  results. 

The  bromide-to-bromine  oxidation  system  is  established  in  solution 
only  after  all  the  sulfide  has  reacted  and  when  an  excess  of  bromide  is 
used.  Thus  the  bromide  reaction  is  seen  in  the  titration  curves  after 
completion  of  the  sulfide  oxidation  process.  Therefore  traces  of  potassium 
bromide  acting  like  a  catalyst  are  sufficient  to  bring  about  the  oxidation  o 

sulfides  to  sulfoxides.  . 

In  cases  where  the  titration  curve  does  not  permit  a  clear  differentia  i 

between  the  potential  jump  associated  with  the  oxidation  of  the  sulfide 

and  that  associated  with  the  oxidation  of  the  bromide,  as  in  the  case  of 

cyclic  sulfides,  it  is  acceptable  for  analytical  purposes  to  carry  out  a  blank 

1.  W.  H.  Houff  and  R.  D.  Schuetz,  Anal.  Chem.,  25,  1258  (1953). 
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Table  1.  Results  for  Sulfides  by  Lead  Tetraacetate  Titrations  in  Presence  of  Catalytic 

Amounts  of  Potassium  Bromide  Found  by 

Other 


Precision 


Compound 


Found, 

% 


ch3ch2sch2ch3 

C6H5CH2S(CH2)2NH(CH2)2CH(C6H5)2 

C6H5S(CH2)3NH(CH2)2CH(C6H5)2 

c6h5sch3 

p-CH30(C6H4)S(CH2)30H 

c6h5sc6h5 


97.3 
96.6 

99.4 

99.1 
101.9 

99.2 


<J 

afy/n 

1V1C  111DUJ, 

% 

0.6 

0.2 

97.7 

0.6 

0.2 

91 A 

0.2 

0.1 

99.8 

0.6 

0.3 

97.6 

0.3 

0.2 

99.3 

0.2 

0.1 

98.0 

Table  2.  Results  for  Cyclic  Sulfides  by  Lead  Tetraacetate  Titrations  in  Presence  of 

Catalytic  Amounts  of  Potassium  Bromide 

RNH 


nr 


o' 


ch2rx 
coor2 


Precision 


Found  by 
Other 


R 

R1 

r2 

% 

(7 

cr/y/n 

% 

H 

H 

H 

97. 0a 

1.1 

0.4 

98.6 

H 

ococh3 

H 

89. 2a 

0.6 

0.3 

90.2 

C6H5CH(NH2)CO 

H 

H 

97.7 

0.9 

0.4 

98.8 

cnch2co 

ococh3 

Na 

94.8 

0.9 

0.4 

96.7 

H 

H 

CH2CC13 

98.6 

0.3 

0.1 

99.2 

(NH2)(COOH)CH(CH2)3CO 

OCOCH3 

Na 

97.7 

0.3 

0.1 

95.5 

c6h5och2co 

H 

ch2c6h4no2 

99.1 

1.0 

0.4 

98.8 

a  Treated  with  5  ml  of  acetic  anhydride  and  5  ml  of  acetic  acid. 

titration  with  the  solvent  containing  the  appropriate  amount  of  catalyst 
and  to  subtract  the  corresponding  volume  of  titrant  from  the  sample 
titration  volume. 


HYDROGEN  PEROXIDE  OXIDATION 
Adapted  from  the  Method  of  C.  B.  Puchalsky 

[Anal.  Chem.,  41 ,  843  (1969)] 

The  bromide-bromate  procedure  described  above  gave  no  discernible 
end  point  for  the  fungicide  5-carboxanilido-6-methyl-2, 3-dihydro- 1,4- 
oxathiin  (Vitavax,  Uniroyal,  Inc.,  trademark).  This  procedure  was  de¬ 
veloped  for  this  product  and  was  checked  for  its  applicability  for  other 
organic  sulfides. 
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The  method  is  based  on  the  room-temperature  oxidation  of  sulfide  to 
sulfoxide  by  hydrogen  peroxide  in  acetic  acid.  Depending  on  the  particu¬ 
lar  molecule,  maximum  yields  of  the  sulfoxide  are  generally  attained 
between  15  and  60  minutes.  Acetic  acid  and  unused  hydrogen  peroxide 
are  removed  by  vacuum  topping  in  a  rotary  evaporator.  The  sulfoxide 
derivative  is  then  titrated  potentiometrically  in  acetic  anhydride  with 
perchloric  acid. 


INTERFERENCES 

Sulfoxide  impurities  in  the  sample  can  be  titrated  directly  without 
peroxide  oxidation  beforehand  because  sulfides  (and  sulfones)  exhibit  no 
measurable  basicity  in  acetic  anhydride. 

In  general,  any  basic  substance  persisting  through  hydrogen  peroxide 
oxidation  or  formed  by  hydrogen  peroxide  will  interfere.  These  sub¬ 
stances  are  limited  in  number  and  not  usually  found  in  organic  sulfide 
samples. 


APPARATUS  AND  REAGENT 

The  electrode  system  and  titrant  are  those  described  elsewhere  (p.  646). 


PROCEDURE 

Accurately  transfer  about  1  mM  of  the  sample  to  a  200-ml  round- 
bottomed  flask.  Insert  a  small  Teflon-covered  stirring  bar,  wash  down  the 
interior  surface  with  5  ml  of  acetic  acid,  and  mix  to  attain  complete 
solution.  Add  another  5  ml  of  acetic  acid  and,  with  stirring,  add  0.15 
±0.01  ml  of  30%  hydrogen  peroxide.  This  addition  is  done  conveniently 
with  a  small  hypodermic  syringe  and  needle.  Stopper  the  flask,  remove  it 
from  the  stirrer,  and  roll  it  at  an  angle  to  collect  any  droplets. 

Let  the  flask  stand  for  the  appropriate  time.  Place  the  flask  on  a  rotary 
evaporator  and  with  a  large  air  bleed,  begin  rotation.  Place  a  bath  of 
room-temperature  water  under  the  flask  to  prevent  freezing  of  the 
solution.  Samples  judged  to  produce  volatile  sulfoxides  should  have  a 
condenser  interposed  between  the  flask  and  the  rotary  evaporator. 
Gradually  decrease  the  pressure  to  about  1  to  2  mm.  When  the  solvent  is 
pone  (generally  about  5  minutes),  remove  the  room-temperature  water 
bath  and  substitute  a  bath  of  water  at  10(TC,  maintaining  that  tempera¬ 
ture  with  a  hot  plate.  Heat  the  flask  for  10  minutes  at  1  to  -  mm  to 
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remove  the  hydrogen  peroxide.  It  is  important  that  this  be  entirely 

removed,  or  low,  erratic  results  will  be  obtained.  , 

Cool  the  flask  before  restoring  pressure.  Use  a  total  volume  of  abou 
80  ml  of  acetic  anhydride  to  transfer  the  contents  to  a  100-ml  beaker, 
along  with  the  stirring  bar.  Warm  the  acetic  anhydride  slightly,  if  needed, 

to  dissolve  solid  derivatives. 

Insert  the  electrodes  and  while  stirring,  adjust  the  pH  meter  to  an 
apparent  pH  between  10  and  1 1.  Add  the  perchloric-acetic  titrant  from  a 
10-ml  buret.  Plot  milliliters  of  titrant  versus  pH  and  read  the  end  point. 


RESULTS 

The  sulfoxide  yield  for  various  compounds  as  a  function  of  time  of 
oxidation  is  shown  in  Table  3. 

Table  3.  Sulfoxide  Yield  as  a  Function  of  Oxidation  Time 


Percentage  of  Theory 


Sample 

Purity 

15 

min. 

30 

min. 

60 

min. 

Bromate- 

Bromide 

Method 

Vitavax 

Recrystallized  3  times 
from  cyclohexane 
(m.p.,97.8-99.0°C) 

— 

97.9 

97. 9a 

b 

Benzyl  sulfide 

Eastman  White  Label 

99.1 

— 

94.4 

101.7 

Hexyl  sulfide 

Eastman  White 

Label 

96.9 

95.8 

95.7 

102.5 

102.9 

Dilauryl  thio- 
dipropionate 

Technical 

88.3 

93.9 

95.9 

100.9 

100.4 

2,2'-Thiodi- 

ethanol 

169-170°C  at 

20  mm 

95. lc 

100.7 

100.4 

a  Average  of  10  determinations,  done  over  a  4-month  period;  the  standard 
deviation  was  0.20. 
b  No  end  point. 
c  Poor  end  point. 


MIXTURES  OF  DIALKYL  SULFIDES  AND  MERCAPTANS 

Samples  containing  mercaptans  can  be  analyzed  by  the  foregoing 
bromine  oxidation,  provided  they  contain  no  more  than  10%  mercaptan. 
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This  procedure  can  be  used  to  determine  mercaptans  with  a  precision  of 
about  ±0.8%  but  with  an  accuracy  of  only  ±5%  of  the  amount  contained 
in  the  sample.  This  procedure,  then  will  determine  both  the  sulfide  and 
the  mercaptan;  the  mercaptan  alone  can  be  determined  by  one  of  the 
methods  described  in  the  chapter  on  mercaptans.  The  sulfide  content  is 
then  determined  by  difference  (Table  4).  Since  the  accuracy  of  this 
method  for  mercaptans  is  only  ±5%,  if  the  sample  contains  too  much 
mercaptan,  a  serious  error  in  the  sulfide  value  may  be  introduced  when 
the  mercaptan  value  is  subtracted.  In  addition  to  the  method  just  men¬ 
tioned  for  handling  mixtures  of  mercaptans  and  dialkyl  sulfides,  another 
was  devised  by  Jaselskis. 


Table  4.  Sulfides 


Concentrated 
Acid  Used, 

ml.  % 


«-Butyl  sulfide  in  50  ml.  of  80%  HAc-20%  H2Q 


Benzyl  sulfiden  in  50  ml.  of  80%  HAc-20%  H2Q 


Ethyl  sulfide  in  100  ml.  of  80%  HAc-20%  H2Q 


3  HC1 

99.5 

13  HC1 

99.0 

25  H2S04 

99.5 

3  HC1 

99.5 

100.3 

100.1 

3  HC1 

98.3 

99.0 

99.1 

98.3 

°  Sulfur  analysis  was  run  on  this  sample:  %  S  found  =  15.20,  %  S  calculated 


=  14.95. 


Method  of  B.  Jaselskis 

[ Reprinted  in  Part  from  Anal.  Chem.,  31 ,  928-31  (1959)] 

REAGENTS  AND  APPARATUS 


POTASSIUM  TRIIOD.DE  SOLUTION.  APPROXIMATELY  0.1  N.  Dissolve 

potassium  iodide  solution  and  standardize  against  arsen.ous  oxide. 


iodine  in 
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STANDARo  0.1  N  b rom ate— bromide  soLunoN.  Weigh  analytical  grade  potas¬ 
sium  bromate  and  add  at  least  a  sevenfold  excess  of  potassium  bromide.  Check 

the  normality  against  arsenious  oxide.  -tans  was 

Acrylonitrile  used  for  the  condensation  reaction  with  alkyl  mercap 

obtained  from  Matheson.  It  was  used  without  further  dilution.  .  . 

The  dialkyl  sulfide  solutions  were  reduced  in  a  refluxing  flask  contain  mg  a 
water-cooled  condenser  and  a  cold  finger  cooled  by  an  ice-salt  mixture.  The  latter 
attachment  is  necessary  when  using  ethyl  and  propyl  sulfides. 


PROCEDURE 

alkyl  mercaptan-dialkyl  sulfide  mixtures.  Place  two  equal  aliquots  Of 
the  alkyl  mercaptan-dialkyl  sulfide  mixture  in  separate  flasks.  Dilute  the 
contents  with  a  sufficient  amount  (30-50  ml)  of  alcohol  to  keep  the  alkyl 
mercaptan  and  dialkyl  sulfide  in  solution  throughout  the  titration.  Acidify 
one  of  the  aliquots  with  approximately  2.0  ml  of  acetic  acid;  then  titrate 
mercaptan  with  the  standard  iodine  solution  until  the  color  of  free  iodine 
appears.  For  small  amounts  of  mercaptan  use  a  10-ml  buret  to  enable  the 

titrant  to  be  measured  within  ±0.01  ml. 

Alkyl  mercaptans  with  higher  molecular  weights  than  propyl  mercaptan 
could  be  titrated  in  the  absence  of  oxygen  in  acidic  potassium  iodide 
solution  with  the  standard  bromate-bromide.  Deaerate  this  mercaptan 
solution  using  pieces  of  dry  ice.  The  results  are  somewhat  lower  than  in 
the  direct  iodometric  determination.  When  this  method  is  used,  only  one 
standard  solution  is  necessary  for  determination  of  mercaptan  and  sulfide. 

To  the  contents  of  the  second  flask  add  approximately  3  drops  of  10% 
potassium  hydroxide,  then  add  acrylonitrile  from  a  1-ml  graduated  pipet. 
Determine  the  volume  of  acrylonitrile  to  be  added  by  the  amount  of 
mercaptan  present.  Approximately  a  twofold  excess  as  compared  to 
mercaptan  is  usually  sufficient.  However  the  volume  of  acrylonitrile  is  not 
critical  as  long  as  there  is  an  excess,  and  provided  blank  determinations 
are  run  using  the  same  amount  of  acrylonitrile. 

After  the  addition  of  acrylonitrile,  stir  the  solution  for  about  2  minutes 
to  ensure  completion  of  the  reaction.  Then  acidify  with  approximately 
15  ml  of  glacial  acetic  acid  containing  about  3  ml  of  concentrated  hyd¬ 
rochloric  acid  and  titrate  with  the  standard  bromate-bromide  solution  to 
the  first  appearance  of  free  bromine  throughout  the  solution  for  at  least 
30  seconds.*  The  end  point  can  be  observed  best  in  a  white  light  against  a 
white  background.  Under  these  conditions,  the  blank  volume  of  0.1N 
bromate-bromide  necessary  to  impart  a  yellow  coloration  to  the  solution 

*  See  method  of  Siggia  and  Edsberg,  pp.  771-3. 
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does  not  exceed  0.1ml.  In  the  presence  of  approximately  0.2  ml  of 
acrylonitrile,  the  blank  requires  about  0.15  ml. 

The  amount  of  alkyl  sulfide  present  in  the  mixture  is  calculated  from 
the  two  titrations  as  follows: 

Alkyl  sulfide,  grams  =  [rneq.^o-.g,.-)  minus  2  meq.I5]  x  E 

where  milliequivalents  of  bromine  is  for  the  second  titration  corrected  for 
the  blank,  milliequivalents  of  iodine  is  for  the  first  titration  corrected  for 
the  blank,  and  E  is  the  equivalent  weight  of  sulfide. 


RESULTS  AND  DISCUSSION 

The  determination  of  alkyl  mercaptans  and  dialkyl  sulfides  in  the 
presence  of  alcohol  cannot  be  performed  using  exhaustive  oxidation  with 
bromate-bromide  in  strongly  acid  solution  because  of  the  oxidation  of 
alcohol.  In  the  absence  of  alcohol,  however,  the  oxidation  proceeds  slowly 
to  completion  in  the  following  manner: 

RSH  +  3Br2  +  2H20  =  RSOJ  +  6Br~  +  5H+  ( 1) 

RSR  +  Br2  +  H20  =  RSOR  +  2Br“  +  2H+  (2) 

RSOR  +  Br2  +  H20  =  RS02R  +  2Br~  +  2H+  (3) 

The  first  and  third  reactions  are  slow  and  incomplete  at  room  tempera¬ 
ture,  but  they  can  be  speeded  by  heating.  In  the  presence  of  alcohol,  the 
determination  is  based  on  the  condensation  reaction  of  alkyl  mercaptan 
with  acrylonitrile 

(°h)- 

RSH  +  CH2  =  CHCN - >  RS — CH2 — CH2 — CN  (4) 

The  resulting  sulfide  is  readily  oxidized  in  dilute  acid  solution  by 
bromine  according  to  eq.  2.  It  is  titrated  to  the  first  appearance  of  free 
bromine  throughout  the  solution.  The  double  bond  in  acrylonitrile  is  not 
brominated  readily.  The  end  point  can  be  determined  to  within  ±0.03  ml. 

The  average  values  of  five  determinations  for  mixtures  of  alkyl  mercap¬ 
tans  and  dialkyl  sulfides  are  summarized  in  Table  5.  The  results  for  alkyl 
mercaptan  in  the  absence  of  dialkyl  sulfide  determined  by  iodme  or  by 
bromate-bromide  titrations,  after  the  condensation  of  mercaptan  with 
acrylonitrile,  are  in  good  agreement.  The  end  point  can  be  reproduced 
readily  to  ±0.03  ml,  yielding  reproducibility  better  than  1  /»  for  the 

10-ml  volume  of  titrant  used. 
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Table  5.  Titration  oi  Alkyl  Mercaptan-Dialky.  Snlfide  Mixtnres 

(Results  are  average  of  five  determinations) 

Millimoles  of  Alkyl  Mercaptan 

Found  by  Millimoles  of 

_ _ _  Dialkyl  Sulfide 


Acrylonitrile - 

Iodo-  Condensation,  Found  by 

metric  and  Bromate  Bromate 

.  •  a  J  J  ' 1 1  itfoti 


Sample 

Added 

Method 

Titration 

Added 

Titration' 

Ethyl  mercaptan 
Mixture  IA'' 

0.9574 

0.9574 

0.956 

0.956 

0.957 

0.2470 

0.244 

Mixture  IB'' 

0.4787 

0.477 

— 

0.6175 

0.61 5 

Mixture  ICb 

0.1915 

0.190 

— 

1.2350 

1.227 

Diethyl  sulfide 

— 

— 

— 

1.2350 

1.236 

/7-Propyl  mercaptan 

1.1130 

1.109 

1.115 

— 

0.245 

Mixture  1IAC 

1.1130 

1.107 

— 

0.2469 

Mixture  IIBf 

0.5665 

0.556 

— 

0.6172 

0.616 

Mixture  IICC 

0.2226 

0.221 

— 

1.2340 

1.232 

Dipropyl  sulfide 

— 

— 

— 

1.2340 

1.233 

//-Butyl  mercaptan 

1.0640 

1.061 

1.065 

— 

— 

Mixture  IIIArf 

1 .0640 

1.059 

— 

0.1844 

0.183 

Mixture  IIIB'Z 

0.5320 

0.531 

— 

0.4611 

0.460 

Mixture  IIICrf 

0.2128 

0.211 

— 

0.9222 

0.921 

Dibutyl  sulfide 

— 

— 

— 

0.9222 

0.921 

//-Octyl  mercaptan 

0.9015 

0.901 

0.901 

— 

— 

Mixture  IVAe 

0.9015 

0.901 

— 

0.1844 

0.183 

Mixture  IVBf 

0.4507 

0.449 

— 

0.4611 

0.460 

Mixture  I VCe 

0.1803 

0.179 

— 

0.9222 

0.921 

a  Millimoles  of  dialkyl  sulfide  obtained  from  [(meq.)BrQ3_  —  2(meq.)r  _]/2. 
b  Mixture  I,  ethyl  mercaptan  and  diethyl  sulfide. 
c  Mixture  II,  /7-propyl  mercaptan  and  dipropyl  sulfide. 
d  Mixture  III,  //-butyl  mercaptan  and  dibutyl  sulfide. 
e  Mixture  IV,  /?- octyl  mercaptan  and  dibutyl  sulfide. 

The  results  for  dialkyl  sulfide  in  the  presence  of  mercaptan  can  be 
reproduced  to  approximately  1%  or  better  if  small  amounts  are  pres¬ 
ent.  The  results  are  in  better  agreement  with  higher  molecular  weight 
dialkyl  sulfides  than  with  diethyl  sulfide. 

The  presence  of  acrylonitrile  affects  the  blank  correction  somewhat. 
The  change  of  volume  of  acrylonitrile  from  0.2  to  0.5  ml  increases  the 
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blank  correction  by  approximately  0.1  ml  of  0.1  N  bromate.  The  conden¬ 
sation  of  acrylonitrile  with  mercaptan  is  rapid  and  complete  in  alkaline 
solution  at  pH  12  or  above. 

Normal  and  secondary  mercaptans  can  be  titrated  with  the  standard 
iodine  solution.  Tertiary  mercaptans  should  be  titrated  argentimetrically. 
Hydrogen  sulfide  and  all  the  substances  that  can  be  oxidized  by  iodine 
will  interfere.  Bromate-bromide  titrations  can  be  used  in  the  absence  of 
all  the  substances  that  can  be  oxidized  by  bromine  and  all  unsaturated 
compounds  prone  to  bromination. 


MIXTURES  OF  DIALKYL  SULFIDES  WITH  DIALKYL  DISULFIDES 

A  procedure  to  analyze  these  mixtures  is  outlined  in  Chapter  19  in  the 
section  concerned  with  disulfides  (p.  763). 


21 

Sulfoxides 
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Sulfoxides  exhibit  weakly  basic  properties  as  a  result  of  the  tendency  to 
form  hydrogen  bonds.  They  can  be  titrated  directly  as  bases  in  acetic 
anhydride  solvent  with  perchloric  acid  as  titrant.  Other  analytica  y 
useful  reactions  are  reduction  to  sulfides  and  oxidation  to  sulfones. 
Titanous  chloride  is  used  as  a  reductant  and  potassium  dichromate  as  an 
oxidant.  Other  reduction  methods  such  as  those  applied  to  disulfides  are 
not  effective  on  sulfoxide.  Sulfoxides  are  quite  resistant  to  reductants 
weaker  than  titanous  chloride.  Chromous  ions  also  should  be  applicable 
as  a  reductant.  A  strong  oxidant  is  also  needed  to  oxidize  these  stable 

compounds. 


Titration  Method — Adapted  from  D.  C.  Wimer 

[ Reprinted  in  Part  from  Anal.  Chem .,  30,  2060  (1958)] 

The  present  method  is  an  extension  of  work  described  earlier  (pp.  183-9) 
on  the  titration  of  amides  in  acetic  anhydride.  Streuli  (1)  reported  the 
successful  titration  of  dimethyl  sulfoxide  in  acetic  anhydride.  No  other 
compounds  of  this  type  were  cited. 


APPARATUS 

A  Precision-Dow  Recordomatic  Tirometer,  Model  K-3-247,  was  used  in  all 
titrations.  The  modified  calomel-glass  electrodes  used  were  described  in  Ref.  2 
(see  pp.  183-9  on  titration  of  amides). 


REAGENTS 

Acetic  anhydride,  ACS  reagent  grade. 

Dioxane,  purified  by  the  procedure  shown  on  p.  694  for  isocyanate-isothio- 
cyanate  analysis 

1.  C.  A.  Streuli,  Anal.  Chem.,  30,  997-1000  (1958). 

2.  D.  C.  Wimer,  Ibid.,  30,  77-80  (1958). 
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perchloric  ACID,  70%  vacuum  distilled.  Available  from  the  G.  Frederick 
Smith  Chemical  Company,  Columbus,  Ohio. 

perchloric  acid  titrant.  Prepare  a  0.1N  solution  by  diluting  9  ml  of  70% 
perchloric  acid  to  1  liter  with  purified  dioxane.  The  solution  is  allowed  to  stand  24 
hours  prior  to  use.  The  titrant  may  be  standardized  either  visually  or  potentiomet- 
rically  against  primary  standard  potassium  acid  phthalate  dissolved  in  acetic  acid. 


PROCEDURE  AND  RESULTS 

Dissolve  an  approximately  0.001-mole  sample,  accurately  weighed,  in 
75  ml  of  acetic  anhydride,  and  titrate  potentiometrically  with  freshly 
standardized  0.1  N  perchloric  acid  in  dioxane.  The  end  point  may  be 
determined  by  inspection  or  calculation  of  maximum  AE/AV. 

All  samples  were  analyzed  as  received  without  further  purification.  The 
relative  degree  of  basicity  may  be  ascertained  by  inspection  of  the  first 
derivative  values  listed  in  Table  1.  Attempts  to  resolve  mixtures  of 
sulfoxides  by  differential  titration  were  unsuccessful.  Only  single  inflec¬ 
tions  were  observed.  This  indicates  that  the  differences  in  the  magnitude 
of  maximum  AE/AV  probably  represent  minor  differences  in  actual  base 
strength. 


DISCUSSION 

Sulfides  and  sulfones,  possible  impurities  in  sulfoxides,  in  general 
exhibit  no  measurable  basicity  in  acetic  anhydride  when  titrated  with 

perchloric  acid. 

Trimethylphosphine  oxide,  although  not  a  sulfoxide,  has  been  included 
for  comparison  because  amine  oxides  have  been  found  to  exhibit  very 
sharp  inflections  in  acetic  anhydride.  Diethoxy  sulfoxide  (diethyl  sulfite) 
could  not  be  titrated  as  a  base  in  acetic  anhydride. 

The  direct  titration  of  sulfoxides  in  acetic  anhydride  offers  a  rapid  and 
reproducible  approach  to  purity  determination.  The  method  appears  to 
be  limited  only  by  the  solubility  of  the  particular  sulfoxide  in  acetic 

anhydride. 


Titanous  Chloride  Reduction  Method-Adapted  from  D.  Barnard  and  K.  R 
Hargrave 

[ Reprinted  in  Part  from  Anal.  Chim.  Acta,  5,  536-42  (1951) ] 
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Table  1.  Titration  of  Various  Compounds  in  Acetic  Anhydride 

Max.  AE/A  V,  mv./ml. 


Compound 

Purity,  % 

(Approximate) 

Bis(2-hydroxyethyl)  sulfoxide 

96.9 

96.9 

120 

Dibenzyl  sulfoxide 

98.1 

98.1 

580 

Diethoxy  sulfoxide  (diethyl  sulfite) 

No  titration  curve  inflection  obtained 

Dimethyl  sulfoxide 

99.9 

1030 

99.8 

Diphenyl  sulfoxide 

99.0 

130 

99.4 

Di-/?-tolyl  sulfoxide 

98.8 

370 

98.4 

/?,//-Dihydroxydiphenyl  sulfoxide 

55.0rt 

300 

Phenothiazine  5-oxide 

96.9 

230 

97.8 

Phenoxathin  10-oxide 

98.6 

300 

98.6 

Thianthrene  10-oxide 

95.9 

100 

95.0 

Thianthrene  5,10-dioxide 

95.0 

100 

95.3 

Trimethylphosphine  oxide 

100.1 

1420 

a  Incompletely  soluble  in  acetic  anhydride. 


SATURATED  SULFOXIDES 

REAGENTS 

titanous  chloride  solution,  approximately  0.1N.  Prepared  by  diluting  a 
15%  commercial  sample  (100  ml)  with  water  (850  ml)  and  hydrochloric  acid  (sp. 
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gr.,  1.18,  50  ml)  both  freed  from  dissolved  oxygen.  Store  solution  under  nitrogen 
and  dispense  by  means  of  the  device  described  in  Ref.  3  *  The  titer  of  the  stock 
solution  remains  unchanged  for  several  months. 

ferric  alum  solution.  Dissolve  200  grams  ferric  alum  per  liter  in  distilled 
water  containing  60  ml  of  concentrated  sulfuric  acid. 

potassium  dichromate,  0.05 N.  Dissolve  75  ml  of  orthophosphoric  acid  and 

75  ml  of  concentrated  sulfuric  acid  in  350  ml  of  distilled  water. 

indicator.  0.25%  solution  of  diphenylamine  sulfonic  acid. 

solvent.  The  acetic  acid  used  was  of  analytical  grade.  The  nitrogen  was  of 

“oxygen-free”  standard  and  was  passed  through  Fieser’s  solution  (4)  and  a  drying 

train  before  use. 


PROCEDURE  A 


Dissolve  the  sample,  containing  0.7  to  1.0  meq.  of  sulfoxide,  in  acetic 
acid  (10  ml)  in  a  250-ml  Erlenmeyer  flask  fitted  with  a  standard  ground 
joint  and  equipped  with  a  cone  and  tap  adaptor  held  by  two  spring  clips. 
Then  evacuate  the  flask  to  20  mm  pressure  and  fill  with  nitrogen.  Add 
15  ml  of  0.1N  titanous  chloride  solution  from  a  pipet,  and  at  once 
reevacuate  the  flask  and  fill  it  with  nitrogen;  repeat  this  procedure  twice. 
Immerse  the  flask  one-third  in  a  water  bath  maintained  at  80°C  and  leave 
for  1  hour.  After  this  period,  add  a  boiling  solution  consisting  of  5  ml  of 
ferric  alum  solution  diluted  to  50  ml  with  water,  allow  it  to  stand  for  30 
seconds,  and  then  cool  it  rapidly.  Add  10  ml  of  phosphoric  acid  solution 
and  15  ml  of  carbon  tetrachloride,  shake  the  mixture  vigorously,  and  titrate 
the  ferrous  ion  with  0.05N  dichromate  solution,  using  6  drops  of 

diphenylaminesulfonic  acid  as  indicator. 

Carry  out  blank  determinations  on  the  solvent.  They  should  not  differ 
by  more  than  0.1ml  of  0.05 N  solution  from  the  titer  of  the  titanous 

chloride  when  standardized  directly. 

%  Sulfoxide  estimated  = 

(Blank-titer  found)  x  bichromate  normality  x  mole,  wt.  of  sulfoxide  x  100 

2000  x  sample  weight 


3  D  Barnard  and  K.  R.  Hargrave,  Anal.  Chim.  Acta.  5,  479  (1951)  Storage  vessel  had 
rubber  stopper  in  which  was  inserted  a  loosely  fitting  pipet.  The  solution  is  kept  unde 
nitrogen  and  is  dispersed  by  filling  the  pipet  with  a  positive  nitrogen  pressure. 

4.  L.  F.  Fieser,  J.  Am.  Chem.  Soc..  46  (1924)  2639. 
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Table  2.  Standardization  of  Procedure  Against  Pure  Sulfoxides 

%  Estimated  Standard 

Sulfoxide  (mean  of  5  determinations)  Deviation 

Diphenyl 
Phenyl  cyclohexyl 
Phenyl  methyl 
Di-A?-butyl 
Methyl  cyclohexyl 

Diphenyl  selenoxide 


100.0 

0.3 

99.0 

0.5 

99.4 

0.2 

100.4 

0.3 

98.8 

0.2 

100.2 

0.3 

DISCUSSION 

The  excess  titanous  chloride  can  be  satisfactorily  estimated  in  two 
ways;  direct  titration  with  ferric  ion  using  thiocyanate  as  indicator;  or  by 
adding  excess  ferric  iron  and  then  titrating  the  resulting  ferrous  iron  with 
standard  dichromate  solution.  The  latter  procedure  was  actually  adopted, 
since  it  gave  the  more  precise  results  and  had  the  advantage  of  dispensing 
with  titrations  under  an  inert  atmosphere. 

interfering  substances.  Interference  with  the  dichromate  titration  by 
thioethers  and  primary  alcohols  is  discussed  in  Ref.  3.  Thioethers  are 
inevitably  present  but  can  be  satisfactorily  removed  from  the  zone  of 
dichromate  oxidation  by  shaking  the  mixture  with  carbon  tetrachloride 
before  titration.  Failure  to  do  this  leads  to  serious  errors.  Low  molecular 
weight  primary  alcohols  that  do  not  pass  wholly  into  the  organic  layer 
necessitate  the  direct  titration  of  titanous  chloride  with  ferric  iron. 

Substances  (e.g.,  nitro  compounds,  amine  oxides,  azo  and  diazo  com¬ 
pounds,  and  hydroperoxides)  reduced  by  titanous  chloride  must  be  ab¬ 
sent.  Aldehydes  present  in  amounts  up  to  2  meq.  are  reducible  under  the 
experimental  conditions  only  to  a  relatively  small  extent  (not  exceeding 
1  ml  of  0.05 N  solution),  whereas  sulfones,  disulfides,  ketones,  and  com¬ 
pounds  containing  ethylenic  double  bonds  do  not  interfere  at  all. 
solvents.  Although  acetic  acid  is  recommended,  ferf-butyl  alcohol  and 
benzene  may  also  be  used.  The  volume  of  water-immiscible  solvent 
should  not  greatly  exceed  10  ml  owing  to  the  unfavorable  partition 
coefficient  of  the  sulfoxide  between  the  organic  and  aqueous  layers. 
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TIME  OF  reaction.  At  temperatures  above  60°C  the  reduction  is  very 
rapid,  being  complete  in  30  minutes  at  60°C  and  10  to  15  minutes  at 
80°C.  The  recommended  time  of  1  hour  can  therefore  be  considerably 
reduced  if  desired.  No  change  in  the  amount  estimated  or  the  blank 
titration  occurs  when  the  reaction  time  is  extended  to  several  hours. 
sample  SIZE.  By  using  reagents  diluted  as  described  in  Ref.  3,  the  sample 
size  can  be  reduced  to  0.2  to  0.3  meq.  with  only  a  slight  reduction  in 
precision  (standard  deviation  —2%). 


UNSATURATED  SULFOXIDES 

The  analytical  procedure  established  for  saturated  sulfoxides  does  not 
hold  when  applied  to  certain  allylic  sulfoxides.  In  such  cases  precise  but 
low  estimations  of  the  order  80  to  95%  were  obtained  for  crystalline 
samples  whose  purity  could  not  be  in  doubt.  This  implies  that  under  the 
estimation  conditions,  part  of  the  sulfoxide  is  decomposed  by  some 
secondary  reaction — possibly  acid  hydrolysis,  since  heating  in  acid  solu¬ 
tion  prior  to  reduction  by  titanous  chloride  produced  a  further  decrease  in 
the  percentage  estimated.  Solutions  of  titanous  chloride  buffered  with 
sodium  acetate  to  as  low  an  acidity  as  is  practicable  have  been  used  to 
minimize  such  hydrolysis;  it  is  known,  moreover,  that  under  these  condi¬ 
tions  the  reducing  power  is  increased  (5).  The  accuracy  was  improved  by 
this  means,  but  always  with  a  loss  in  experimental  precision.  However  the 
presence  of  ammonium  thiocyanate  during  the  reduction  of  unsaturated 
sulfoxides  allows  both  an  accurate  and  precise  analysis  of  all  the  com¬ 
pounds  detailed  below.  In  this  case  the  procedure  already  described  for 
the  determination  of  excess  titanous  chloride  cannot  now  be  followed  and 
the  alternative  method,  that  is,  direct  titration  with  standard  ferric  iron 
solution,  must  be  used. 

Table  3  compares  results  from  the  three  methods  given  in  this  section. 


REAGENTS 

In  addition  to  the  reagents  described  in  connection  with  Procedure  A,  the 
following  are  required: 

Ferric  alum  solution,  0.05N,  standardized  against  potassium  dichromate  using 
the  stannous  chloride  reduction  method. 

Ammonium  thiocyanate  solution,  3iVT. 

5.  P.  Butts.  W.  Meikle,  J.  Shovers,  D.  Kouba,  and  W.  Becker,  Anal.  Chem..  20  (1948)  947. 
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Table  3. 


Comparison  of  Results  for  the 


Reduction  of  Pure  Unsaturated  Sulfoxides 


(1)  With  titanous  chloride  alone. 

(2)  With  titanous  chloride  buffered  with  sodium  acetate. 

(3)  With  titanous  chloride  in  the  presence  of  ammonium  thiocyanate. 

(1)  (2)  G) 


Sulfoxide 


//-Propyl  cinnamyl 
//-Butyl  cinnamyl 
Phenyl  cinnamyl 
Diallyl 

Methyl  2-methylallyl 
//-Propyl  1,3-dimethylallyl 
Phenyl  allyl 
Cyclohexenyl  methyl" 
DibenzyP’6 
Phenyl  benzyl6 


%  S.D. 


94.0 

0.6 

94.2 

0.2 

100.6 

0.3 

91.0 

0.6 

95.6 

0.5 

93.5 

0.4 

99.3 

0.3 

80.0 

0.4 

86.8 

0.2 

99.1 

0.3 

%  S.D. 

100.3 

0.9 

101 

0.9 

99.8 

0.6 

83 

3.5 

95 

2.0 

98.5 

2.0 

100 

1.0 

90 

2.0 

95 

1.0 

99.0 

0.6 

% 

S.D, 

99.7 

0.4 

101.0 

0.6 

99.2 

0.5 

100.1 

0.4 

99.6 

0.4 

99.8 

0.2 

99.6 

0.5 

97.1 

0.4 

97.5 

0.3 

99.2 

0.3 

a  Purest  sample  obtainable. 
b  Can  be  regarded  as  allylic-type  sulfoxides. 


PROCEDURE 

Add  1.5  ml  of  3 M  ammonium  thiocyanate  solution  to  the  sample 
(0.7-1.0meq.  sulfoxide)  dissolved  in  acetic  acid  (10  ml)  and  carry  out  the 
titanous  chloride  reduction  exactly  as  described  in  Procedure  A.  After  the 
period  of  heating,  titrate  the  hot  solution  with  0.05N  ferric  alum  solution, 
maintaining  a  rapid  stream  of  nitrogen  through  the  flask  and  preferably 
employing  some  form  of  magnetic  stirring.  The  end  point  is  indicated  by 
the  first  permanent  ferric  thiocyanate  color.  Blanks  are  again  within 
0.1  ml  of  0.05 N  solution  of  the  titanous  chloride  titer  when  standardized 
directly.  Calculate  the  percentage  of  sulfoxide  from  the  formula  given  in 
Procedure  A. 


PROCEDURE  USING  BUFFERED  TITANOUS  CHLORIDE 

SOLUTION 

Add  25  ml  of  sodium  acetate  solution  (40%  w/w  CH3COONa-3H.O) 
to  the  sample  in  acetic  acid  and  carry  out  the  reduction  as  previously. 
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After  the  heating  period,  add  6.5  ml  of  hydrochloric  acid  (sp.  gr.,  1.18); 
the  excess  titanous  chloride  can  then  be  estimated  by  either  of  the  ways 
described  in  Procedures  A  and  B.  Blank  determinations  in  this  case  are 
usually  lower  than  the  direct  titanous  chloride  titer. 


DISCUSSION 


mode  of  action  of  thiocyanate.  Ammonium  and  potassium  thiocyanates 
similarly  affect  the  estimation,  indicating  that  the  thiocyanate  ion  is  the 
significant  factor.  The  addition  of  thiocyanate  to  solutions  of  titanous 
chloride  considerably  modifies  their  normal  violet  color,  suggesting  the 
formation  of  a  complex  ion.  If  the  titanic  ion  were  preferentially  involved, 
the  reducing  power  of  the  system  should  be  increased  and  the  reduction 
of  sulfoxide  might  then  be  facilitated  relative  to  any  secondary  process. 
Actually,  thiocyanate  complexes  have  been  reported  for  both  valency 
states  of  titanium  (6),  and  indeed  the  oxidation-reduction  potential  of  the 
system  Ti+3/Ti+4  as  determined  experimentally  shows  no  significant 
change  when  thiocyanate  is  added.  In  contrast,  similar  determinations 
show  that  buffering  with  sodium  acetate  produces  a  substantial  increase  in 
the  reducing  power  of  this  system.  Thus  we  find  that  the  reduction  of 
nitro  compounds  by  titanous  chloride  is  virtually  unaffected  by  thiocyan¬ 
ate  (in  fact,  a  slight  retardation  is  observed)  whereas  the  rate  of  reduction 
of  dinitrotoluene  is  considerably  increased  by  the  addition  of  sodium 


acetate  (5).  As  illustrated  for  typical  examples  in  Fig.  21.1,  however,  the 
rate  of  reduction  for  both  saturated  and  unsaturated  sulfoxides  is  signific¬ 
antly  increased  by  the  presence  of  thiocyanate.  In  these  experiments,  the 
lower  temperature  was  used  to  decrease  the  normal  rates  to  more  easily 

measured  values.  .  . , 

Clearly,  the  thiocyanate  must  engage  in  some  specific  interaction  with 

sulfoxide  groups.  In  this  respect,  it  is  significant  that  a  mixture  of  titanous 
chloride  and  sulfoxide  in  concentrations  as  recommended  gives  rise  to 
complex  precipitates  when  thiocyanate  is  added.  The  formation  of  these 
precipitates  is  dependent  on  the  presence  of  all  three  components,  the 
concentration  of  thiocyanate  and  to  some  extent  the  nature  of  sulfoxide. 
The  addition  of  5  ml  of  3 M  ammonium  thiocyanate  to  such  mixtures 
produces  precipitates  in  the  case  of  all  the  sulfoxides  listed,  both  satu¬ 
rated  and  unsaturated,  except  for  methyl  2-methylallyl  and  diallyl  sulfox¬ 
ides  These  complexes,  which  redissolve  during  the  course  of  the  analysis, 
tom  red  »  green  ,nd  tom  remiliquid  ,o  docculeni.  The,,  n.m.e  h.s 

6.  J.  Newton  Friend,  Textbook  of  Inorganic  Chemistry,  Vol.  V,  Griffin  and  Co.  Ltd.,  1921,  p. 
254. 
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Fig.  21.1.  Effect  of  ammonium  thiocyanate  on  rate  of  reduction 
of  diphenyl  sulfoxide  and  methyl  2-methallyl  sulfoxide  by  titanous 
chloride  at  40°C. 

not  been  fully  investigated,  but  they  appear  to  be  unstable  when  isolated 
and  of  variable  composition,  although  indications  were  obtained  that  the 
titanous  and  sulfoxide  contents  were  about  equimolar.  Although  these 
complexes  are  not  always  precipitated  under  the  recommended  proce¬ 
dure,  the  inherent  tendency  toward  their  formation  is  undoubtedly  closely 
associated  with  the  catalysis  by  thiocyanate. 

amount  of  thiocyanate  required.  The  data  in  Table  4  show  that  the 


Table  4.  Variation  of  Amount  of  Thiocyanate  in  Recommended  Procedure 


Volume  of  3 M  Ammonium 


%  Estimated 


Thiocyanate  Present,  ml. 

/z-Propyl  Cinnamyl 
Sulfoxide 

Methyl  2-Methylallyl 
Sulfoxide 

0 

91.1 

96.3 

0.01 

93.7 

92.8 

0.02 

95.5 

91.8 

0.05 

96.8 

92.8 

0.10 

98.7 

96.1 

0.20 

— 

97.9 

0.40 

— 

98.9 

1.50 

99.7 

99.6 
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sulfoxides  appear  to  fall  into  two  distinct  groups,  one  showing  a  steady 
increase  in  the  percentage  estimated  with  the  amount  of  thiocyanate 
present  and  the  other  passing  through  a  minimum  with  small  amounts 
present  before  increasing  steadily.  Only  methyl  2-methylallyl  and  diallyl 
sulfoxides  show  this  minimum  effect. 

In  general,  under  the  conditions  of  the  recommended  procedure,  as 
little  as  0.01  ml  of  3 M  ammonium  thiocyanate  solution  is  found  to  have  a 
noticeable  effect,  0.5  ml  being  the  minimum  amount  required  for  com¬ 
plete  estimation.  Beyond  this  quantity,  no  further  change  is  observed. 
The  results  for  saturated  sulfoxides,  and  the  unsaturated  sulfoxides  not 
requiring  thiocyanate  for  complete  estimation,  remain  unaffected  by  the 
presence  of  thiocyanate. 

effect  of  sulfoxide  structure.  The  examples  of  phenyl  cinnamyl, 
phenyl  allyl,  and  phenyl  benzyl  sulfoxides  quoted  in  Table  3,  suggest  as  a 
general  principle  that  an  unsaturated  sulfoxide,  having  a  phenyl  group  as 
one  substituent  on  the  sulfur  atom,  will  be  correctly  estimated  even  in  the 
absence  of  thiocyanate.  No  doubt  this  reflects  the  increased  stability  of 
either  the  sulfoxide  molecule  or  some  intermediate  in  the  reduction  stage. 

Legault  and  Groves  (7)  slightly  modified  the  method  of  Barnard  and 
Hargrave  to  make  it  apply  to  dimethylsulfoxide  and  2-hydroxy  diethyl 
sulfoxide. 

DICHROMATE  OXIDATION  OF  SULFOXIDES 
Adapted  from  V.  V.  Savant,  J.  Gopalakrishnan,  and  C.  C.  Patel 

[Z.  Anal  Chem.,  238 ,  273  (1968)] 

REAGENTS 

Ferrous  ammonium  sulfate,  0.1N,  in  about  IN  sulfuric  acid. 

Standard  0.1N  potassium  dichromate  solution. 

P-Phenyl  anthranilic  acid  indicator  in  sodium  hydroxide  solution. 


PROCEDURE 

To  a  flask  containing  about  0.1  gram  of  sample,  add  25  ml  of  0.1N 
potassium  dichromate  and  sufficient  18M  sulfuric  acid  to  give  an  initial 
acid  concentration  of  2JVf.  Add  a  few  glass  beads,  and  cover  the  flask  with 

7.  A.  R.  Legault  and  K.  Groves,  Anal  Chem.,  29,  1495-6  (1957). 
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a  small  funnel.  Heat  the  contents  of  the  flask  to  boiling  ! 

sand  bath  and  maintain  this  temperature  for  10  the  Unreacted 

contents  and  dilute  with  about  50  ml  of  water.  Titrate 
dichromate  with  the  ferrous  ammonium  sulfate  solution  with  N-ph  y 
anthranilic  acid  as  the  indicator.  Run  a  blank  under  identical  conditions. 


CALCULATION 


(Vt-  V2)N  x  mol.  wt. 
Sulfoxide,  %  by  weight  =  Grams  of  samplex20 


where 

V!  =  milliliters  of  ferrous  solution  required  for  the  blank 

V9  =  milliliters  of  ferrous  solution  corresponding  to  the  excess  dichromate 


RESULTS 

Results  for  dimethyl  and  diphenyl  sulfoxides  are  given  in  Table  5.  The 
method  was  applied  successfully  to  some  copper  sulfoxide  complexes  also 
and  should  be  generally  applicable  to  sulfoxides  in  the  absence  of  organic 
materials  that  consume  dichromate. 


Table  5.  Determination  of  Sulfoxides  by  Dichromate  Oxidation 

Sulfoxides 


Compound 

Taken,  g 

Found,  g 

Recovery,  % 

Dimethyl  sulfoxide 

0.04996 

0.04995 

99.97 

0.05971 

0.05963 

99.86 

0.07020 

0.07000 

99.72 

0.07423 

0.07406 

99.77 

0.08772 

0.08760 

99.87 

0.10460 

0.10440 

99.84 

Diphenyl  sulfoxide 

0.08418 

0.08440 

100.20 

0.09500 

0.09506 

100.10 

0.10060 

0.10060 

100.00 

0.10470 

0.10450 

99.77 

0.10650 

0.10620 

99.72 
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Sulfonic  Acids,  Sulfonate  Salts, 
Sulfonamides,  and 
Sulfinic  Acids 


Sulfonic  Acids 

Sulfonic  acids  are  very  strong  acids  comparable  to  sulfuric  acid  and  are 
readily  determined  by  titration.  If  the  sample  is  water  insoluble,  it  can 
usually  be  dissolved  in  excess  caustic  and  the  excess  back-titrated  or,  it 
can  be  readily  titrated  in  alcoholic  solvents,  glycols  or  glycol  mixtures, 
dioxane,  pyridine,  or  almost  any  solvent  in  which  a  titration  for  acids  can 
be  run  (pp.  000-0)  without  causing  the  sulfonic  acid  to  react  with  the 
solvent.  Sodium  hydroxide  (aqueous  for  aqueous  titrations  or  alcoholic 
for  nonaqueous  systems)  can  be  used,  and  indicators  work  well  in  their 
respective  solvents.  The  end  points  are  so  sharp  for  sulfonic  acids  that  an 
analyst  rarely  has  to  resort  to  potentiometric  titration. 


Sulfonate  Salts 


The  alkali  metal  salts  of  sulfonic  acids  are  neutral  and  cannot  be 
titrated  as  acids  or  bases.  The  alkaline  earth  or  transition  metal  sulfonates 
are  generally  acidic  and  should  be  titratable,  but  they  are  generally  so 

insoluble  that  titration  is  impossible. 

A  determination  based  on  ignition  to  the  sulfate  is  accurate  and  precise 
and  will  operate  for  most  metal  sulfonates.  It  has  a  severe  limitation, 
however,  in  that  any  other  inorganic  cation  in  the  sample  will  cause  high 


results  for  sulfonate. 

Aryl  sulfonates  are  converted  to  sulfite  and  the  corresponding  pheno 
by  alkali  fusion  in  an  inert  atmosphere.  Measurements  of  the  phenol  or 
sulfite  produced  are  the  bases  for  general,  accurate,  and  precise  methods 

for  these  sulfonates.  ,  f 

Precipitation  methods  with  inorganic  cations  also  suffer  from  lack  ot 

specificity,  since  any  sulfate  ion  in  the  sample  (and  sulfonates  genera  y 
contain  sulfate  from  their  synthesis)  will  also  either  precipitate  or  co¬ 
precipitate  with  the  sulfonate.  The  benzidine  precipitation  is  the  most 
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.pacific  method  to,  determining  suit.n...  s.its  b„,  it  tends  towstd  i.w 
to  contribute  an  organic  solubility  to  the  molecule. 


IGNITION  METHOD 


PROCEDURE 

Weigh  about  2  grams  of  sample  into  a  tared  crucible  (platinum  is 
preferable  but  porcelain  can  be  used).  Just  cover  the  sample  with  concen¬ 
trated  sulfuric  acid.  Heat  the  crucible  with  a  Bunsen  burner,  taking  care 
not  to  heat  too  vigorously,  which  will  cause  spattering  of  the  contents  o 
the  crucible.  Continue  heating  until  fumes  of  sulfur  trioxide  are  no  longer 
visible.  Then  strongly  ignite  the  crucible  in  a  muffle  furnace  (a  Meker  type 
burner  can  be  used)  until  the  contents  are  white.  Cool  the  ignition  residue 
and  moisten  well  with  sulfuric  acid,  and  repeat  the  heating  with  a  Bunsen 
burner  until  all  the  acid  has  been  driven  off.  Then  ignite  the  crucible  in 
the  muffle  oven  for  30  minutes,  cool,  and  weigh. 


CALCULATIONS 


Grams  of  residue  x  gravimetric  factor  x  100 
Grams  of  sample 


=  %  salt 


The  procedure  is  applicable  only  when  the  sample  contains  no  cation 
other  than  that  of  the  salt.  If  such  cations  were  present,  they  too  would 
form  sulfates  and  would  be  weighed  in  the  residue.  This  is  the  best 
method  for  the  determination  of  sulfonic  acid  salts,  but  there  is  often 
some  inorganic  material  present  that  makes  this  method  useless. 


ALKALI  FUSION  METHOD 

The  conversion  of  aryl  sulfonates  proceeds  according  to  the  following 
equation: 

ArS03M  +  M'OH  ArOH  +  MM'SO, 
where  M  and  M'  can  be  the  same  or  different  cations  and  M  can  be  a 
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hydrogen  atom.  Two  approaches  are  possible  for  the  quantitative  meas¬ 
urement,  either  the  sulfite  or  the  phenol  produced  can  be  measured.  If 
the  sulfite  is  measured,  the  total  sulfonate  analysis  is  obtained.  If  the 
phenol  is  measured,  it  is  possible  to  obtain  both  the  total  sulfonate 
analysis  and  an  analysis  for  each  sulfonate  present  in  the  sample  by 
quantitative  gas  chromatography.  Sulfite  is  measured  volumetrically  and 
the  procedure  is  described  here. 


Method  of  S.  Siggia,  L.  R.  Whitlock,  and  J.  C.  Tao 

[ Reprinted  in  Part  from  Anal.  Chem.,  41,  1387  (1969)] 


APPARATUS 

The  equipment  is  illustrated  in  Fig.  22.1.  The  sample  and  caustic  are  held  in  a 
stainless  steel  crucible  D  (Scientific  Glass  Co.,  Catalog  no.  2610).  The  crucible 
enclosed  in  a  glass  chamber  C  is  placed  in  a  sand  bath  E  and  heated  by  an  open 
flame.  Oxygen-free  nitrogen  is  passed  into  the  chamber  through  A,  over  the 
fusion  mixture,  and  vented  through  B.  Hot  copper  mesh  (temperature  450- 
600°C)  is  used  to  remove  traces  of  oxygen  from  the  nitrogen. 


PROCEDURE 

Place  approximately  3  mM  of  sulfonate  along  with  5  grams  of  potas¬ 
sium  hydroxide  pellets  in  a  stainless  steel  crucible.  Place  the  crucible  in 
the  glass  chamber  and  flush  the  system  with  oxygen-free  nitrogen  for  at 
least  5  minutes  to  displace  the  air.  Bring  the  temperature  up  to  400°C  and 
maintain  for  30  to  60  minutes.  Measure  the  temperature  with  a  ther¬ 
mometer  in  the  sand  directly  adjacent  to  the  glass  chamber. 


Fig.  22.1.  Apparatus 
measuring  method. 


for  alkali  fusion  used  in  the  sulfite- 
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?S0  ml  beaker  Add  6 N  sulfuric  acid  dropwtse  until  the  pH  ot  the  system 
“?To  S  aS  m«,.u,e<l  b,  a  slaSS-<=alon,el  decode  .ystenb  T  en  add 
0  IN  sulfuric  acid  via  a  buret  until  the  pH  reached  indicates  that  the 
excess  potassium  hydroxide  is  just  neutralized.  This  pH,  designated  F\  1 
Fig  22  2  is  approximately  8  but  varies  slightly  with  each  sulfonate  being 
measured.  Thfexact  pH  should  be  determined  for  accurate  wcA  At  th 
point  add  1ml  of  formaldehyde  (Certified  ACS  36  8/0^  the  pH 
observed  to  rise  as  hydroxide  is  liberated  by  the  bisulfite  addition  reac- 

tion. 

Na2S03  +  HCH0  +  H20  ->  CH2OH  +  NaOH 

SO,Na 


Check  the  formaldehyde  for  the  presence  of  formic  acid  by  a  blank 
titration  (the  blank  is  generally  negligible).  Titrate  the  liberated  base 
potentiometrically  with  standard  0.1  N  sulfuric  acid  to  the  inflection  point 
Po  in  Fig.  22.2.  Determine  the  inflection  point  from  a  plot  of  pH  versus 
milliliters. 


CALCULATION 


VxNxMx  100 
%  Sulfonate  =  sTTcOO 

where  V  is  volume  of  standard  acid  used  to  titrate  the  liberated  base,  N  is 
the  normality  of  the  acid,  M  is  the  molecular  weight  of  the  sulfonate,  and 
S  is  the  weight  of  the  sample  in  grams. 


RESULTS  AND  DISCUSSION 

Iodimetric  measurement  of  the  sulfite  resulting  from  the  fusion  gave 
erratic  and  low  results.  Complete  recoveries  were  obtained  when  sodium 
samples  were  put  through  the  procedure  and  the  formaldehyde  treatment 
was  used.  Potassium  hydroxide  gave  better  fusion  than  did  sodium 
hydroxide.  The  minimum  temperature  is  the  melting  point  of  potassium 
hydroxide,  360°C.  Temperatures  as  high  as  450°C  could  be  tolerated 
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Fig.  22.2.  Typical  titration  curve. 

without  decomposition  in  most  cases.  Fusion  times  varied  from  30  min¬ 
utes  to  36  hours;  however,  1  hour  was  found  to  be  sufficient  in  most 

cases. 

The  fusion  apparatus  was  so  arranged  that  oxygen-free  nitrogen  was 
passed  over  the  sample  during  fusion.  This  was  needed  to  preserve  both 
the  sodium  sulfite  and  the  phenols  from  oxidation.  The  oxidation  of  the 
phenols,  particularly  the  polyhydric  phenols,  was  a  more  serious  problem 
than  was  the  oxidation  of  the  sulfite.  The  polyhydric  phenols  oxidize  very 
rapidly  to  yield  quinoid-type  compounds,  which  react  weakly  with  sulfite, 
resulting  in  poor  titration  end  points.  With  monohydric  phenols,  purified 
grade  tank  nitrogen  was  satisfactory.  However  with  polyhydric  phenols  a 
hot  (450-600°C)  copper  mesh  was  used  to  scavenge  traces  of  oxygen  from 

^The  "inflection  points  in  the  potentiometric  titration  curves  in  the  case 
of  monosulfonates  were  sharp,  as  in  Fig.  22.2.  However  in  the  case  of 
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disulfonated  or  hydroxysulfonated  compounds  when  polyhydric  phenols 
resulted  somewhat  buffered  titration  curves  resulted  because  of  reactio 
bv-products  To  circumvent  this,  excess  acid  was  added  to  react  with  th 
baSe  liberated  from  the  reaction  of  the  sulfite  and  the  formaldehyde.  The 
excess  acid  was  back-titrated  with  standard  base.  This  procedure  yielded 
somewhat  better  titration  inflection  points,  probably  because  the 
formaldehyde-sulfite  reaction  is  an  equilibrium  and  the  excess  acid  forces 
it  to  completion  (see  method  of  Siggia  and  Maxcy,  p.  104).  An  attempt  to 
determine  p-hydroxybenzenesulfonate,  however,  was  unsuccessful.  No 
inflection  was  obtained  in  the  titration  curve,  probably  as  a  result  of 
oxidation  of  hydroquinone  to  quinone,  as  evidenced  by  the  appearance  ot 
a  colored  solution.  Quinhydrone  and  sodium  sulfite  react. 

Table  1  summarizes  the  results  of  the  analysis  of  some  sulfonic  acids 
and  salts  by  the  sulfite  method.  The  method  has  been  applied  successfully 
to  both  benzenesulfonates  and  naphthylsulfonates.  Attempts  on  sul¬ 
fanilamide  and  p-diphenylaminesulfonic  acid  sodium  salts  were  unsuc¬ 
cessful  because  the  sulfonates  decomposed  during  fusion. 


Table  1.  Analysis  of  Sulfonic  Acids  and  Salts  by  Alkali  Fusion  and  Measurement  of  Sulfite 


Analysis,"  Standard 
Compound  wt.  %  Deviation 


p-Toluenesulfonic  acid 

99.4  (30) 

1.6 

p-Toluenesulfonic  acid  (recrystallized) 

100.0  (5) 

1.0 

Benzenesulfonic  acid  sodium  salt 

97.4  (6) 

0.4 

Benzenesulfonic  acid  monohydrateh 

97.9  (5) 

6.3 

p-Acetylbenzenesulfonic  acid 

sodium  salt 

97.9  (3) 

2.5 

p-Acetylbenzenesulfonic  acid 

(recrystallized) 

100.8  (3) 

0.7 

2-Naphthalenesulfonic  acid 

sodium  salt 

100.1  (4) 

3.3 

2-Naphthalenesulfonic  acid  sodium 

salt  (recrystallized) 

100.0  (3) 

2.3 

2-Naphthalenesulfonic  acid  monohydrate 

98.6  (3) 

3.8 

2-Anthraquinonesulfonic  acidc 

93.3  (2) 

4.0 

a  Figures  in  parentheses  indicate  number  of  trials. 

b  Compound  is  very  hydroscopic,  which  may  account  for  poor  end  points 
obtained. 

0  Compound  gave  poor  end  points,  probably  because  of  reaction  of  quinone 
with  sulfite. 
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Some  sulfonates  give  phenols  of  low  volatility  that  cannot  be  measured 
by  gas  chromatography.  These  include  the  polysulfonated  compounds, 
sulfonates  containing  other  very  polar  functional  groups,  and  certain 
higher  molecular  weight  sulfonates.  To  extend  the  alkali  fusion  method  to 
include  these  sulfonates,  a  method  for  phenol  measurement  based  on  the 
phenolic  group  reactivity  was  developed  (see  p.  46). 


Method  of  L.  R.  Whitlock,  S.  Siggia,  and  J.  E.  Smola 

[ Reprinted  in  Part  from  Anal.  Chem.,  44 ,  532  {1972)] 

PROCEDURE 

Weigh  between  3  and  10  mg  of  sulfonate  in  a  platinum  sample  boat. 
Add  approximately  30  mg  of  solid  potassium  hydroxide  along  with  5  to 
8  mg  of  sodium  acetate  to  act  as  a  flux.  Place  the  sample  boat  in  the 
fusion  oven  (Fig.  22.1),  flush  the  system  with  helium  for  several  minutes, 
and  increase  the  oven  temperature  slowly  to  360°C.  After  completion  of 
the  fusion  reaction,  usually  in  15  minutes,  remove  the  sample  boat  from 
the  fusion  apparatus  and  quickly  place  into  a  50-ml  volumetric  flask 
containing  water  and  sufficient  hydrochloric  acid  to  neutralize  the  caustic. 
Adjust  the  final  pH  to  7.0  with  either  dilute  hydrochloric  acid  or  sodium 
bicarbonate  and  adjust  the  solution  volume  to  the  mark.  Take  aliquots  of 
this  solution  for  spectrophotometric  measurement  following  the  proce¬ 
dure  used  for  phenols  (p.  62). 


DISCUSSION  AND  RESULTS 


To  test  this  combined  procedure,  two  sulfonates  that  had  been  analyzed 
by  gas  chromatography  were  taken  as  test  samples.  Sulfanilic  acid  was 
used  for  the  coupling  reaction.  Data  from  the  analysis  of  benzenesul- 
fonate  and  2-naphthalenesulfonate  are  given  in  Table  2.  The  results 
demonstrate  that  this  procedure  works  well  for  these  sulfonates. 

An  important  group  of  sulfonates  whose  analysis  was  not  previously 
attempted  because  of  the  low  volatility  of  the  phenols  produced  are  the 
«r*Uici,lfnnates.  The  results  of  the  analysis  of  this  group  of  sulfonates  are 


clear  white.  An  infrared  analysis  of  each 


products  of  each  compound  were 
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Table  2.  Sulfonate  Analysis  by  Alkali  Fusion  and  Measurement  of  the  Phenol  by 

Formation  of  an  Azo  Dye 


Analysis,6  Standard 
Compound  mole  %  Deviation 


2-Naphthalenesulfonic  acid  sodium  salt 

99.2  (4) 

98.7  (5) 

1.9 

2.0 

1.8 

Benzenesulfonic  acid  sodium  salt 

m  -Benzenedisulfonic  acid  disodium  salt 

92.5  (6) 

m  -Benzenedisulfonic  acid  disodium  salt 

(purified) 

100.2  (5) 

1.7 

1  3.5-Benzenetrisulfonic  acid  trisodium 

salt 

97.3  (5) 

3.6 

2,7-Naphthalenedisulfonic  acid  disodium 

salt 

98.4  (6) 

2.0 

a  Diazotized  sulfanilic  acid  was  used  for  coupling. 
b  Figures  in  parentheses  represent  number  of  trials. 


fusion  product  showed  only  resorcinol  and  phloroglucinol,  respectively. 
The  first  samples  of  m-benzenedisulfonate  were  taken  as  received  from 
the  supplier.  The  average  of  six  determinations  was  92.5%  as  the  disulfo¬ 
nate.  However  when  further  purified  samples  were  taken  (elemental 
analysis  showed  99.4%  of  the  theoretical  amount  of  sulfur),  the  average 
of  five  determinations  was  100.4%.  The  fusion  of  2,7-naphthalene- 
disulfonate  was  found  to  go  to  completion  without  difficulty  at  the  normal 
fusion  conditions.  The  average  of  the  standard  deviations  for  all  the 
compounds  given  in  Table  2  is  about  2.0%  for  sample  sizes  between  3 
and  10  mg. 

The  alkali  fusion  of  p-chlorobenzenesulfonate  gave  50%  conversion  to 
resorcinol  rather  than  the  predicted  product,  p-chlorophenol.  A  nuclear 
magnetic  resonance  spectrum  of  the  starting  sulfonate  showed  that  it  was 
indeed  para  substituted.  However  an  infrared  identification  of  the  fusion 
products  revealed  only  the  presence  of  resorcinol.  A  probable  explana¬ 
tion  of  this  result  is  that  both  the  hydrogen  and  sulfonate  groups  of 
halogenated  sulfonates  undergo  alkaline  hydrolysis. 

When  a  high-temperature  reaction  such  as  alkali  fusion  is  used,  the 
possibility  of  thermal  degradation  of  the  starting  sample  as  well  as  that  of 
the  reaction  product  is  always  present.  To  help  more  easily  establish  first, 
which  sulfonates  can  be  analyzed  by  fusion,  and  second,  the  upper  limit  of 
their  fusion  temperatures  that  can  be  used  safely,  an  examination  of  their 
thermal  stabilities  is  suggested.  The  data  obtained  for  a  large  number  of 
sulfonates  and  several  phenolates  are  presented  in  Table  3.  This  aspect  of 
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Table  3.  Decomposition  Temperatures0  of  Some  Sulfonic  Acids,  Alkali  Metal  Sulfonates, 
and  Alkali  Metal  Phenolates  in  Air  and  Helium  Atmospheres 


Decomposition 
Temperature,  °C 


Compound 


Potassium  phenolate 
Potassium  2-naphtholate 
Sodium  p-nitrophenolate 
Benzenesulfonic  acid  sodium  salt 
m-Benzenedisulfonic  acid  disodium  salt 
1,3,5-Benzenetrisulfonic  acid  trisodium  salt 
p-Sulfobenzoic  acid  monopotassium  salt 
m-Sulfobenzoic  acid  monosodium  salt 
p-Chlorobenzenesulfonic  acid  sodium  salt 
p-Aminobenzenesulfonic  acid  sodium  salt 
m-Nitrobenzenesulfonic  acid  sodium  salt 
p-Acetylbenzenesulfonic  acid  sodium  salt 
Dodecylbenzenesulfonic  acid  sodium  salt 
p-Diphenylaminedisulfonic  acid  sodium  salt 

1- Naphthalenesulfonic  acid  sodium  salt 

2- Naphthalenesulfonic  acid  sodium  salt 
2,7-Naphthalenedisulfonic  acid  disodium  salt 
4-Amino-l-naphthalenesulfonic  acid  sodium  salt 
1  - Anthraquinonesulfonic  acid  sodium  salt 
2-Anthraquinonesulfonic  acid  sodium  salt 
m-Aminobenzenesulfonic  acid 
p-Aminobenzenesulfonic  acid 

p -Toluenesulfonic  acid 


Air 

Helium 

215 

420 

250 

480 

— 

350** 

520 

520 

— 

570 

— 

560 

390 

405** 

— 

430** 

450 

450 

— 

255 

— 

400** 

— 

350 

400 

400 

420 

420 

— 

480 

— 

510 

— 

520 

285 

— 

— 

450** 

— 

430** 

— 

365* 

— 

260* 

_ 

270* 

“  No  asterisk,  determined  by  thermogravimetric  analysis:  one  asterisk  deter¬ 
mined  by  differential  scanning  colorimeter;  two  asterisks,  determined  by  thermo¬ 
gravimetric  analysis,  confirmed  by  differential  scanning  colorimeter. 

the  fusion  reaction  was  studied  using  thermogravimetry  in  an  atmosphere 
of  both  air  and  helium.  Most  sulfonate  salts  examined  were  stable  to 
temDeratures  well  above  400°C,  and  some  were  stable  above  500  C. 
SuTfonic  acids  however,  started  to  decompose  at  much  lower  tempera- 
fu^s  than  did  their  corresponding  salts.  The  acids  could  be  analyzed 
without  difficulty,  however,  because  they  were  quickly  neutralized  by 
alkali  and  fusion  of  the  sulfonate  salt  proceeded  normally.  The  phen 
Ses  were  found  to  be  much  more  stable  in  a  hehum  atmosphere  than  m 
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air.  For  this  reason,  the  fusion  reaction  oven  must 
with  a  flow  of  helium. 


be  continuously  purged 


PRECIPITATION  METHODS 


Using  Inorganic  Cations 

Many  sulfonic  salts  will  be  precipitated  with  such  cations  as  banum, 
silver,  or  mercury(I)  or  (II).  Barium  is  the  most  general  precipitant  but 
sometimes  only  silver  or  mercury  ions  will  work.  A  pure  sample  of  the 
salt  to  be  determined  should  first  be  tested  to  see  if  it  precipitates 
quantitatively  with  any  of  the  cations  mentioned  previously.  When  a 
convenient  cation  is  found,  it  must  be  ascertained  whether  there  are  any 
materials  in  the  actual  samples  that  might  interfere;  for  instance,  sulfate 
ions  in  the  sample  would  exclude  the  use  of  barium,  and  chloride  ions 
would  exclude  silver  and  mercurous  ions.  If  these  conditions  can  be  met, 
the  procedure  is  applicable.  It  must  be  remembered  that  if  carboxylic 
groups  are  present,  they  also  may  react  with  a  metallic  ion. 

A  general  procedure  cannot  be  described  for  this  method:  each  sample 
must  be  treated  in  a  way  peculiar  to  it.  In  most  cases,  after  precipitation  is 
carried  out,  the  precipitate  is  filtered  through  a  tared  Gooch  or  sintered- 
glass  crucible,  then  is  washed,  dried,  and  weighed.  If  a  precipitated 
barium  salt  is  waxy,  hygroscopic,  or  in  any  other  way  difficult  to  deter¬ 
mine  accurately,  the  precipitate  can  be  soaked  with  concentrated  sulfuric 
acid  and  ignited  to  the  sulfate  as  described  in  the  ignition  procedure.  This 
ignition  will  not  work  well  for  silver  or  mercury  precipitates.  Free  sulfonic 
acid  in  a  salt  sample  has  to  be  determined  on  a  separate  sample,  and  the 
amounted  present  has  to  be  subtracted  from  the  total  acid  plus  salt  as 
determined  by  precipitation. 


Using  Benzidine  Salts — Method  of  D.  A.  Shiraeff 

[Adapted  from  S.  Dal  Nogare ,  Organic  Analysis ,  Vol.  I,  Wiley -Interscience,  New 
York,  (1953),  pp.  382-3,  Reprinted  in  Part ] 

Formation  of  the  benzidine  salt  appears  to  be  quantitative,  with  two 
sulfonic  acid  functions  reacting  with  one  molecule  of  the  aromatic 
diamine.  The  salt  is  easily  isolated  by  filtration  and  is  sufficiently  stable  to 
permit  drying  at  moderate  temperatures.  Since  the  Shiraeff  method  (1) 

1.  D.  A,  Shiraeff,  Am.  Dyestuff  Rep.,  36,  313  (1947);  37,  411  (1948). 
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appears  to  be  quite  general  for  high  molecular  weight  sulfonic  acids,  it  is 
described  here. 


REAGENTS 

benzidine  hydrochloride  solution.  Prepare  the  solution  by  dissolving  25.7 
grams  of  benzidine  hydrochloride  and  50  ml  of  concentrated  hydrochloric  acid  in 
enough  water  to  make  1  liter  of  solution. 

Petroleum  ether. 

Aqueous  alcohol.  A  solution  of  200  ml  of  water  and  800  ml  of  95%  ethyl 
alcohol  is  used. 

Sodium  hydroxide  solution,  0.02 N,  standardized. 


PROCEDURE 


Accurately  weigh  out  enough  sample  so  that  0.1  to  0.4  gram  of  sulfonic 
acid  is  obtained,  and  dissolve  the  sample  in  the  minimum  volume  of 
distilled  water.  Remove  any  insoluble  material  by  filtration.  Add  50  ml  of 
the  benzidine  reagent  to  the  sample  solution  and  allow  the  solution  to 
stand  for  at  least  3  hours,  preferably  overnight.  Quantitatively  collect  the 


precipitated  salt  on  a  Whatman  No.  41-H  filter  paper  and  wash  with 
distilled  water  until  the  washings  are  neutral  to  blue  litmus  paper. 
Transfer  the  filter  paper  containing  the  washed  precipitate  to  a  100-ml 


beaker  and  dry  it  in  an  oven  at  110°C  for  the  minimum  time.  Remove 
organic  contaminants  from  the  dried  precipitate  by  extraction  with  50  ml 
of  petroleum  ether  added  directly  to  the  beaker.  Use  a  stirring  rod  to 
obtain  good  contact  of  the  precipitate  with  the  solvent.  Decant  the 
petroleum  ether  extract  through  a  Whatman  No.  40  filter  paper  and  wash 
the  precipitate  four  more  times  with  10-ml  portions  of  this  solvent.  Place 
the  filter  paper  from  the  ether  washing  in  the  beaker  containing  the  bulk 
of  the  precipitate  and  dissolve  the  solid  by  adding  50  ml  of  aqueous 
alcohol  Obtain  rapid  solution  by  warming  the  beaker  on  a  hot  plate  and 
working  the  precipitate  free  of  the  paper  with  a  stirring  rod.  After 
dissolution,  filter  the  hot  solution  through  a  Whatman  No.  40  filter  paper 
and  collect  the  filtrate  in  a  100-ml  volumetric  flask.  Wash  out  the  beaker 
with  several  10-ml  portions  of  hot  aqueous  alcohol,  which  are  filtered  and 
added  to  the  main  filtrate.  After  cooling  the  solution  to  room  tempera¬ 
ture  dilute  it  to  the  mark.  Pipet  exactly  50  ml  into  a  250-ml  Erlenmeyer 
flask  add  50  ml  of  distilled  water  and  a  few  drops  of  phenolphthalein, 
and  titrate  the  solution  to  the  pink  end  point  with  0.02N  standard  sodium 
hydroxide  solution.  Correct  the  titration  volume  for  the  volume  of 
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standard  base  required  to  titrate  50  ml  of  aqueous  alcohol  and  50  ml  of 
distilled  water  to  the  same  end  point. 


CALCULATION 


Milliliters  of  NaOH  x  N'X  E.W.  x  2  x  ^qq 
%  Sulfonic  acid  =  Grams  of  sample  x  1000 

where  E.W.  is  the  equivalent  weight  of  the  sulfonic  acid. 

The  procedure  has  been  successfully  applied  to  a  number  of  commer¬ 
cial  aryl  sulfonates,  sulfonic  acids  of  fatty  acid  condensates,  and  sulto- 
nated  fatty  alcohols.  A  certain  amount  of  care  should  be  taken  in  using 
the  procedure  when  the  composition  and  components  of  the  sample  are 
unknown.  In  some  instances  a  higher  concentration  of  alcohol  may  be 
required  to  dissolve  the  benzidine  salt.  If  large  quantities  of  inorganic 
sulfate  are  present,  the  volume  of  benzidine  hydrochloride  solution  used 

may  be  doubled. 


TITRATION  METHOD  USING  QUATERNARY  SALTS 


This  approach  is  widely  used  for  determining  anionic  surface  active 
agents.  A  known  quaternary  ammonium  salt  is  used  as  titrant  and  the 
sulfonate  is  titrated  directly. 

The  titration  method  using  quaternary  salts  involves  the  reaction  in  a 
two-phase  water-chloroform  system  of  the  sulfonate,  with  methylene  blue 
forming  a  chloroform  soluble  salt.  The  methylene  blue  color  is  then  in  the 
chloroform  layer.  The  quaternary,  as  it  is  added,  reacts  with  sulfonate, 
releasing  the  methylene  blue,  allowing  it  to  transfer  to  the  water  layer. 
For  this  method  to  be  operable,  the  sulfonate  salt  must  have  a  hydro- 
phobic  group  of  sufficient  size  to  contribute  chloroform  solubility  to  the 
addition  compound  between  it  and  the  quaternary.  Hence  low  molecular 
weight  sulfonates  cannot  generally  be  determined  using  this  method. 

Although  the  method  does  not  have  as  wide  a  range  of  applicability  as 
one  would  like,  it  is  simple  to  operate  and  is  fairly  specific.  Alkyl  or  aryl 
sulfates  and  phosphates  interfere  in  the  analysis,  but  inorganic  sulfates  or 
other  salts  do  not. 

Accuracies  and  precisions  as  high  as  ±1%  can  be  obtained  for  the  more 
ideal  systems,  but  these  values  vary  with  the  particular  sulfonate  and  its 
environment. 
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Antara  Method* 

Methylene  blue  is  much  less  soluble  in  chloroform  than  it  is  in  water, 
but  its  alkyl  or  aryl  sulfonate  salt  can  be  quantitatively  extracted  from 
water  by  chloroform  if  the  alkyl  or  aryl  group  is  C8  or  greater.  Addition 
of  Hyaminet  (p-diisobutyl  phenoxyethoxyethyl  dimethyl  benzyl  am¬ 
monium  chloride  monohydrate)  displaces  the  methylene  blue  from  its 
organic  salt,  causing  the  methylene  blue  to  become  redissolved  in  the 
aqueous  portion.  Thus  if  the  amount  of  methylene  blue  present  is  very 
minute,  its  extraction  back  into  the  aqueous  portion  may  be  detected 
visually,  and  this  becomes  the  basis  for  an  end  point  in  the  reaction  of 
Hyamine  with  an  alkyl  or  aryl  sulfonate. 

REAGENTS 

perchloric  acid,  0.1M  Add  8.5  ml  of  70  to  72%  perchloric  acid,  reagent 
grade,  to  900.0  ml  of  glacial  acetic  acid.  Add  15.0  ml  of  reagent  grade  acetic 
anhydride  and  dilute  to  1000.0  ml  with  acetic  acid.  Let  stand  overnight  to  let  the 
acetic  anhydride  remove  all  the  water. 

Glacial  acetic  acid,  reagent  grade. 

Potassium  acid  phthalate,  primary  standard  grade. 


APPARATUS 

Pyrex  beaker,  250  ml. 

Steam  bath. 

pH  Meter  with  glass  and  silver-silver  chloride  electrode  system,  indicating 

millivolts. 

Buret,  50  ml. 


PROCEDURE 

Transfer  150  ml  of  glacial  acetic  acid  to  a  250-ml  beaker.  Add  0.5 
grams  of  potassium  acid  phthalate  to  the  nearest  0.0001  gram.  Heat  on 
the  steam  bath  to  dissolve,  if  necessary.  Cool  to  room  temperature.  Place 
the  beaker  at  the  pH  meter  so  that  the  electrode  system  is  immersed  in 
the  solution.  Titrate  from  the  buret  with  0.1M  perchlor.c  acid  to  be 
standardized,  plot  millivolts  against  milliliters,  and  determine  the  end 

point  from  the  curve. 

*  Antara  Chemical  Co.,  435  Hudson  St.,  New  York, 
t  Hyamine  1622,  obtainable  from  Rohm  and  Haas. 
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CALCULATION 


Weight  of  sample  x  1000 _ 

Molarity  of  perchloric  acid  -  Mjj|juters  Qf  perchloric  acid  x  204.15 


Hyamine*  Solution,  0.004M 


APPARATUS 

Pyrex  beaker,  250  ml. 

pH  Meter  with  glass  and  silver-silver  chloride  electrode  system  indicating  pH. 
Buret,  50  ml. 

Graduate  for  measuring,  150  ml. 


REAGENTS 

Glacial  acetic  acid,  reagent  grade. 
Mercuric  acetate,  reagent  grade. 
Perchloric  acid,  0.1M. 


PROCEDURE 

Measure  150  ml  of  glacial  acetic  acid  into  the  250-ml  beaker.  Weigh 
0.90  gram  of  Hyamine  to  the  nearest  0.0001  gram  and  dissolve  in  the 
acetic  acid.  Dissolve  1  gram  of  mercuric  acetate  in  the  solution.  Place  the 
beaker  at  the  pH  meter  so  that  the  electrode  system  is  immersed  in  the 
solution.  Titrate  from  the  buret  with  the  standard  0.1  AT  perchloric  acid, 
plotting  pH  against  milliliters.  Determine  the  end  point  from  the  curve. 


CALCULATIONS 


%  Hyamine  =  Milliliters  of  HC1Q4x  molarity  of  HC1Q4x  448.1  x  1QQ 

Weight  of  sample  x  1000 


*  See  footnote!,  p.  804. 
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PREPARATION  OF  EXACTLY  0.00400M  SOLUTION 
OF  HYAMINE 

Grams  of  Hyamine  required  for  1  liter  of  0.00400M  solution  = 

179.24 

%  purity  of  Hyamine 

Weigh  the  amount  of  Hyamine  indicated  by  the  foregoing  calculation 
and  transfer  to  a  1000-ml  volumetric  flask  with  distilled  water.  Dissolve 
and  dilute  to  the  mark.  This  solution  is  exactly  0.00400M. 


Methylene  Blue  Indicator  Solution 

Dissolve  0.030  gram  of  methylene  blue,  reagent  grade,  and  50  grams  of 
anhydrous  sodium  sulfate,  reagent  grade,  in  500  ml  of  distilled  water. 
Add  6.5  ml  of  sulfuric  acid  (96%  reagent  grade)  and  dilute  to  1000  ml 
with  distilled  water.  Shake  well. 


PROCEDURE  FOR  DETERMINING  SULFONATE  SALTS 

Weigh  a  sample  containing  about  0.1  mole  of  quaternary  salt  to  the 
nearest  0.0001  gram.  Transfer  to  a  100-ml  volumetric  flask  with  distilled 
water,  dissolve,  and  dilute  to  the  mark  with  distilled  water.  Pipet  10  ml  of 
the  sample  solution  prepared  above  into  a  250-ml  glass-stoppered  Erlen- 
meyer  flask.  Pipet  25  ml  of  methylene  blue  indicator  solution  and  15  ml 
of  chloroform  into  the  flask.  Run  in  10  ml  of  Hyamine  solution  and  shake 
for  30  seconds.  Then  add  1  to  2  ml  at  a  time,  stoppering  and  shaking  the 
flask  for  30  seconds  after  each  addition.  At  the  appearance  of  signs  of  the 
approaching  end  point  (i.e.,  the  more  rapid  separation  of  the  temporary 
emulsification  and  increased  cloudiness  of  the  aqueous  layer),  reduce  the 
additions  to  0.5  ml.  When  the  water  layer  begins  to  turn  blue,  add  the 
Hyamine  solution  dropwise,  shaking  for  30  seconds  after  each  addition, 
inverting,  and  waiting  for  60  seconds  until  the  aqueous  layer  is  clear  and 
appears  as  blue  as  the  chloroform  layer.  The  comparison  is  ma  e  y 
placing  the  flask  in  reflected  light  and  obstructing  one  s  view  of  the 

interface  with  a  stirring  rod. 


CALCULATION 

mlH^,xiyH^h,'xm0l.  wt.qua,x  100 
%  Active  ingredient  q  j  x  Weight  of  sample  x  1000 


Sulfonic  Acids,  Sulfonate  Salts,  Sulfonamides,  and  Sulfimc  Acids 

Sulfonamides 

Adapted  from  the  Method  of  J.  S.  Fritz  and  R.  T.  Keene 

[ Reprinted  in  Part  from  Anal.  Chem.,  24 ,  308-10  {1952)] 

The  _S02NH—  group  found  in  sulfa  drugs  and  other  sulfonamides  of 
primary  amines  is  known  to  be  feebly  acidic.  When  sulfa  drugs  are 
dissolved  in  basic  organic  solvents,  the  acidic  properties  of  this  group  are 
sufficiently  enhanced  to  permit  direct  titration  with  a  strong  base.  This  is 
the  basis  of  the  method  described.  This  procedure  is  simple,  rapid,  and 
accurate.  Because  it  involves  titration  of  the  S02NH  group,  this 
method  is  applicable  to  the  determination  of  sulfathalidine,  sulfasuxidine, 
and  other  sulfonamides  which  cannot  be  analyzed  by  the  diazo  method. 


REAGENTS  AND  SOLUTIONS 

butyl  amine.  The  commercially  available  material  (Sharpies)  was  used  without 
further  purification. 

dimethylformamide.  The  commercially  available  material  (Du  Pont)  was  used 
without  further  purification. 

P-nitrobenzeneazo resorcinol  (azo  violet).  An  approximately  saturated 
solution  in  benzene. 

sodium  methoxide,  0.1N.  Prepare  as  described  by  Fritz  and  Lisicki  (2).  Wash 
about  6  grams  of  sodium  in  methanol  and  dissolve  immediately  in  100  ml  of 
methanol.  Protect  the  solution  from  carbon  dioxide  while  the  sodium  is  dissolving; 
if  necessary,  cool  the  solution  in  cold  water  to  prevent  the  reaction  from  becoming 
too  violent.  When  all  of  the  sodium  has  reacted,  add  150  ml  of  methanol  and 
1500  ml  of  benzene,  and  store  the  reagent  in  borosilicate  glassware  protected 
from  carbon  dioxide.  Standardize  this  solution  by  titration  against  benzoic  acid 
dissolved  in  benzene-methanol.  Although  the  reagent  is  reasonably  stable,  it 
should  be  restandardized  every  few  days. 

sulfa  drugs,  U.S.P.  grade.  The  other  sulfonamides  were  prepared  in  the 
laboratory  of  Fritz  and  Keene  according  to  the  procedures  of  Shriner  and  Fuson 
(3)  and  are  of  98  to  100%  purity. 

thymol  blue.  Dissolve  0.3  gram  in  100  ml  of  methanol. 


PROCEDURE 

Weigh  a  sample  of  suitable  size  into  a  50-ml  beaker  and  dissolve  in  10 

to  20  ml  of  dimethylformamide  or  butylamine.  Add  indicator,  cover  the 

rntzand  Lisicki,  Anal.  Chem.,  23,  589  (1951). 

3'  Wi.eyS^nwerYonrdkR1948FUS°n’  SyS'ema"C  Umtifkati°n  <*  Compounds.  3rd  ed„ 
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beaker  with  a  cardboard  provided  with  a  small  hole  for  the  buret  tip,  and 
titrate  to  the  first  appearance  of  a  clear  blue  color.  During  the  titration, 
agitate  the  solution  by  means  of  a  magnetic  stirrer. 

The  solvents  employed  contain  some  acidic  impurities.  This  is  best 
corrected  for  by  exactly  neutralizing  the  solvent  with  sodium  methoxide 
shortly  before  it  is  to  be  used. 

Standardize  the  sodium  methoxide  against  benzoic  acid  by  using 
dimethylformamide  as  solvent  and  thymol  blue  as  indicator.  Titration  of 
benzoic  acid  in  butylamine  gives  erratic  results  because  of  gel  formation, 
but  no  gel  forms  in  dimethylformamide  if  20  to  25  ml  of  solvent  is  used  for 
each  100  mg  of  benzoic  acid. 


SOLVENTS  AND  INDICATORS 

Dimethylformamide  is  an  excellent  solvent  for  sulfonamides.  Good  end 
points  are  obtained  for  moderately  acid  sulfonamides  using  thymol  blue 
indicator.  Butylamine  enhances  the  acid  strength  of  sulfonamides  more 
than  dimethylformamide  and  is  therefore  used  for  the  titration  of  the 
more  feebly  acidic  sulfonamides.  Azo  violet  is  the  preferred  indicator  for 
use  in  butylamine.  Butylamine  absorbs  carbon  dioxide  more  readily  than 
dimethylformamide  and  is  therefore  slightly  less  convenient  to  use. 


SULFA  DRUGS 

Eight  sulfa  drugs  in  common  use  were  analyzed  by  the  foregoing 
procedure.  Sulfaguanidine  does  not  appear  to  have  any  acid  properties. 
Sulfanilamide  is  not  acidic  to  thymol  blue  in  dimethylformamide,  but  can 
be  accurately  titrated  in  butylamine  using  azo  violet  indicator.  In  the 
other  drugs  the  — S02NH—  linkage  is  sufficiently  activated  by  substituent 
groups  to  permit  titration  in  dimethylformamide.  Table  4  shows  the 

results  of  these  analyses.  ,  .  , 

Some  differential  titrations  are  possible.  Mixtures  such  as  sulfathiazole- 

sulfanilamide  can  be  analyzed  by  first  titrating  sulfathiazole  in  the  pres¬ 
ence  of  sulfanilamide,  using  dimethylformamide  and  thymol  blue  then 
titrating  both  drugs  using  butylamine  and  azo  violet.  The  acid  sulfa  drugs 
may  be  accurately  determined  in  the  presence  of  sulfaguanidine.  Table 
gives  data  for  the  analysis  of  some  mixtures. 


)THER sulfonamides 

In  addition  to  sulfa  drugs,  the  sulfonamides  of  several  primary  amines 
vere  titrated,  to  determine  the  scope  of  the  method  and  to  show  the  effect  of 


Sulfonic  Acids,  Sulfonate  Salts,  Sulfonamides,  and  Sulfimc  Acids 

Table  4.  Titration  of  Sulfa  Drugs  with  Sodium  Methoxide 


1 

Compound 

Sample 

Weight, 

mg. 

Base, 

N 

Base, 

ml. 

Purity, 

°/ 

/o 

Solvent 

Indicator 

Sulfamethazine 

153.7 

0.0866 

6.36 

99.6 

DMF 

Thymol  blue 

157.9 

6.55 

99.9 

153.7 

6.36 

99.6 

Thymol  blue 

Sulfamerazine 

152.3 

0.0866 

6.65 

99.8 

DMF 

150.6 

6.58 

99.9 

152.2 

6.64 

99.8 

Sulfanilamide 

102.3 

0.0866 

6.84 

99.6 

BuNH2 

Azo  violet 

104.1 

6.98 

99.9 

101.1 

6.76 

99.6 

Sulfadiazine 

250.0 

0.1783 

5.57 

99.7 

DMF 

Thymol  blue 

250.9 

5.60 

99.9 

251.0 

5.59 

99.7 

Sulfapyridine 

124.5 

0.1093 

4.56 

100.1 

DMF 

Thymol  blue 

150.8 

5.53 

100.2 

152.5 

5.58 

100.0 

Sulfathalidine 

126.4 

0.1093 

5.67 

98.8 

DMF 

Thymol  blue 

130.3 

5.85 

98.8 

126.9 

5.70 

98.9 

Sulfathiazole 

125.6 

0.1093 

4.51 

100.1 

DMF 

Thymol  blue 

127.7 

4.59 

100.2 

125.5 

4.50 

99.9 

substituents  on  the  acidity  of  sulfonamides.  Results  are  given  in  Table  6. 

p-Toluenesulfonamide  is  slightly  acid  and  gives  a  good  end  point  in 
butylamine  but  not  in  dimethylformamide.  Substitution  of  one  hydrogen 
by  a  phenyl  group  (PhS02NHPh)  increases  the  acidity  sufficiently  to 
permit  titration  in  dimethylformamide.  This  is  probably  due  to  the 
tendency  of  a  phenyl  group  to  attract  electrons.  The  electron-donating 
properties  of  an  alkyl  group,  however  (as  in  PhS02NHR),  weaken  the 
acidity  so  that  a  poor  end  point  is  obtained  on  titration  in  butylamine. 
From  the  titrations  carried  out,  it  appears  that  the  order  of  acidity  is 
ArS02NHPh,  ArS02NHPyr,  ArS02NHthiazole>  ArS02NFF,  ArSO,- 
NHnaph  >  ArS02NHCH2Ph  >  ArS02NHR  >  NaphS02NHR.  A  detailed 

study  of  acidity  of  the  more  acidic  sulfonamides  has  been  made  by  Bell 
and  Roblin  (4). 

The  presence  of  the  phenolic  group  in  p-HOC6H4NHSOXfvHaBr 

4.  Bell  and  Roblin,  J.  Am.  Chem.  Soc.,  64,  2905  (1942). 
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I  able  5.  Titration  of  Sulfonamide  Mixtures 

Sulfonamide  Taken,  mg.  Base,  ml.  Base,  N  Found,  % 

Sulfaguanidine(0.2  gram)  added  as  impurity.  DMF  solvent,  thymol  blue  indicator 


Sulfapyridine 


173.5  mg. 
183.3 


4.70  0.1477  100.0 

4.97  0.1477  100.0 


Sulfanilamide  (0.2  gram)  added  as  impurity.  DMF  solvent,  thymol  blue  indicator 
Sulfathiazole  18 1.7  mg.  4.82  0.1477  99.9 


Butylamine  solvent,  azo  violet  indicator 


Sulfanilamide, 

me. 

Sulfathiazole, 

me. 

Total 

Taken, 

me. 

Total 

Found, 

me. 

0.413 

0.396 

5.57 

0.1477 

0.810 

0.823 

0.418 

0.399 

5.61 

0.1477 

0.817 

0.828 

0.412 

0.422 

5.62 

0.1477 

0.829 

0.829 

caused  no  interference  in  dimethylformamide,  except  that  a  slight  green 
color  formed  shortly  before  the  end  point.  In  butylamine  using  azo  violet 
indicator,  the  acidity  of  the  phenolic  group  is  sufficiently  enhanced  to 
interfere  with  the  end  point. 


discussion 

For  the  compounds  in  which  a  poor  end  point  was  observed  in 
butylamine  and  dimethylformamide,  a  somewhat  sharper  end  point  was 
obtained  in  95  to  100%  ethylenediamine.  Because  of  lack  of  adequate 
supply  of  this  solvent  in  the  laboratory  of  Fritz  and  Keene,  further 
investigation  was  discontinued. 

In  the  identification  of  organic  amines,  sulfonamides  are  among  t  e 
commonly  used  derivatives.  It  is  suggested  that  titration  of  the  sulfon¬ 
amides  be  used  in  the  determination  of  the  equivalent  weight  of  primary 
amines.  By  observing  the  sharpness  of  the  end  points  in  each  of  the  two 
solvents  recommended,  knowledge  of  the  basic  strength  and  character  o 

the  parent  amine  may  be  obtained. 


Table  6.  Titration  of  Sulfonamides 


Compound 


Solvent  Indicator  Purity 


CH3 


-SOoNHC.H,, 


BuNH,  Azo  violet  100.7 

101.3 

100.8 


BuNH2  Azo  violet  100.4 

100.1 

101.9 


BuNH,  Azo  violet  99.8 

98.2 

97.3 


BuNH,  Azo  violet  98.6 

98.6 

98.9 


BuNH2 

+ 

DMF 


Azo  violet 


96.3 

96.7 

96.9 


BuNH2  Azo  violet 


99.6 

99.8 


DMF  Thymol  blue  98.1 

98.1 

98.0 


BuNH.,  Azo  violet  97.8 

97.8 

97.8 


BuNH2  Azo  violet  99.6 

99.6 

99.7 


DMF  Thymol  blue  100.2 

100.0 

100.2 
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Compound 


Table  6.  (contd.) 

Solvent  Indicator  Purity 


DMF  Thymol  blue  98.7 

98.8 

98.8 


BuNH.,  Azo  violet  100.0 

100.0 


Methods  have  been  used  for  the  potentiometric  titration  of  weak  acids 
in  basic  solvents.  Electrode  systems  used  in  dimethylformamide  with 
sodium  methoxide  or  titrant  were  described  in  Chapter  3  (pp.  163-4), 
and,  the  potentiometric  titration  of  weak  acids  was  discussed  earlier  (pp. 
50-57);  these  methods  should  also  be  applicable  to  the  titration  of 
sulfonamides. 

DETERMINATION  OF  SULFINIC  ACIDS  IN  THE 
PRESENCE  OF  MERCAPTANS 

Both  mercaptans  and  sulfinic  acids  are  titrated  quantitatively  by  nitrous 
acid. 

2RS02H  4-  HONO  -*  (RS02)2N0H  +  H20 
RSH  +  HONO  -»  RSNO  +  H20 

Since  the  concentration  of  mercaptan  in  a  mixture  of  mercaptan  and 
sulfinic  acid  can  be  determined  without  interference  from  the  latter  by  the 
method  of  Danehy  and  Kreuz  (p.  000),  the  sulfinic  acid  present  can  be 

obtained  by  difference. 


Method  of  J.  P.  Danehy  and  V.  J.  Elia 

[Anal.  Chem.,  44,  1281  (1972)] 


PROCEDURE 

Dissolve  an  accurately  weighed 
of  mercaptan  and  sulfinic  acid  in 


sample  containing  0.2  to  0.8  mM  total 
10  ml  of  water.  Stir  magnetically  and 


Sulfonic  Acids,  Sulfonate  Salts,  Sulfonamides,  and  Sulfimc  Acids 

'  add  5  ml  of  5  N  sulfuric  acid.  Titrate  the  solution  with  continuous  stirring 
by  addition  of  standard  0.05JW  sodium  nitrite  solution  until  an  externa 
end  point  is  obtained;  one  drop  of  solution  gives  an  instantaneous  blue 
color  when  added  to  a  starch-potassium  iodide  solution. 

Determine  the  mercaptan  content  of  the  sample  by  the  method  of 
Danehy  and  Kreuz  and  obtain  the  sulfinic  acid  content  by  difference 


Table  7.  Titration  of  Mercaptans,  Alone  and  in  Mixtures  with  p-Chlorobenzenesulfimc 

Acid  with  Sodium  Nitrite 


Mercaptan 


Amount, 

Sulfinic 

Sodium 

Sulfur  accounted 

Name 

mM 

Acid  mM 

Nitrite,  mM 

for  by  HONO,  % 

L-Cysteine 

0.244 

— 

0.240 

98 

0.507 

— 

0.509 

100 

0.496 

— 

0.500 

100 

0.814 

— 

0.810 

100 

— 

0.465 

0.226 

98 

0.490 

0.472 

0.720 

99 

2-Mercaptoethanol 

0.106 

— 

0.102 

96 

0.207 

— 

0.197 

95 

— 

0.067 

0.032 

97 

— 

0.133 

0.067 

100 

— 

0.177 

0.086 

98 

0.063 

0.133 

0.126 

98 

0.063 

0.067 

0.094 

98 

0.106 

0.053 

0.127 

96 

Mercaptosuccinic 

0.085 

— 

0.084 

99 

acid 

0.170 

— 

0.168 

99 

— 

0.052 

0.026 

100 

0.085 

0.052 

0.108 

97 

0.085 

0.104 

0.136 

100 

2-Mercaptoethyl- 

0.246 

— 

0.243 

99 

ammonium  chloride 

0.258 

— 

0.250 

97 

0.412 

— 

0.407 

99 

0.588 

— 

0.570 

97 

2,5-Dimercaptoadipic 

0.56 

— 

0.394 

78 

acid 

0.64 

— 

0.452 

71 

0.234 

— 

0.172 

73 

p-Chlorothiophenol 

0.245 

— 

0.245 

100 

Thiophenol 

0.737 

— 

0.744 

101 

0.257a 

— 

0.244 

95 

0.771 

— 

0.760 

99 

m  -Mercaptobenzoic 
acid 

0.436a 

— 

0.439 

101 

“  Spectrophotometric  determination  by  method  of  Danehy  and  Kreuz  (p.  752). 


814 


Quantitative  Organic  Analysis 


based  on  the  relationship 

RCQ  LJ 

Millimoles  of  HONO  =  millimoles  of  RSH  +  millimoles  of - — 

2 

No  one  of  several  disulfides  tested  consumed  any  nitrous  acid  under  the 
titration  conditions  employed.  Table  7  gives  the  results  of  the  titration  of 
known  concentrations  of  several  mercaptans  and  of  p-chlorobenzene- 
sulfinic  acid,  alone  and  in  pairs. 

Of  the  eight  mercaptans  examined,  only  2,5-dimercaptoadipic  acid,  a 
dithiol,  failed  to  react  quantitatively.  If  the  amount  of  mercaptan  present 
is  large  compared  to  the  sulfinic  acid,  the  difference  between  the  mil¬ 
limoles  of  nitrite  used  in  the  titration  and  the  millimoles  of  mercaptan 
determined  independently  is  subject  to  poor  accuracy  and  precision. 
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Techniques  and  Reasoning 
in  Developing  New  Analytical 
Methods  or  Modifying  Existing 

Methods* 

For  Compounds  Whose  Groups  Cannot  be  Determined 
by  Existing  Methods 

The  methods  available  for  functional  group  determination  have  been 
amply  described  in  the  preceding  chapters.  Methods  exist  for  almost  all 
the  functional  groups,  but  situations  necessitating  changes  in  methods,  or 
sometimes  a  completely  new  procedure,  often  arise.  This  chapter  is 
concerned  with  the  techniques  and  reasoning  involved  in  devising  a  new 
method  of  analysis  or  in  making  changes  in  known  procedures  to  make 
them  applicable  to  the  samples  to  be  analyzed. 

When  a  new  procedure  is  necessary,  the  reactions  of  the  functional 
group  in  question  must  be  completely  surveyed.  The  factors  involved  are 
the  presence  of  at  least  one  reactant  or  product  that  can  be  measured,  the 
completeness  of  the  reaction,  and  the  effect  of  impurities. 

A  reaction  in  which  a  base,  acid,  oxidant,  reductant,  or  any  other  easily 
measured  material  is  liberated  or  consumed  is  a  good  one  to  use  for 
functional  group  determination. 

In  devising  a  new  method  or  altering  a  known  procedure,  several 
difficulties  may  be  encountered  that  must  be  overcome  before  the  method 
can  be  used.  These  difficulties  are  time  for  complete  reaction  (including 
equilibrium),  solvent  difficulties,  and  interferences. 


TIME  OF  REACTION 


A  reaction  used  for  a  quantitative  measurement  has  to  go  to  comple- 
tion  in  a  reasonable  length  of  time;  the  shorter  the  time,  the  better.  The 
time  necessary  for  complete  reaction  can  be  shortened  by  several  means. 


Reprinted  in  part,  with  permission,  from  the 
(1950). 


article  of  S.  Siggia,  Anal.  Chem.,  22,  378 
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1.  Increasing  concentration  of  reagents  used  to  react  with  the  func¬ 
tional  group,  especially  if  one  of  the  products  of  the  reaction  is  being 
determined.  If  the  excess  of  reagent  is  being  determined,  it  will  be 
necessary  to  determine  too  large  an  excess,  and  the  analysis  will  be  based 
on  the  difference  between  two  large  figures,  which  is  never  desirable. 

2.  Increasing  the  temperature  of  the  reaction  by  using  higher-boiling 
solvents  than  are  ordinarily  used,  so  that  reflux  temperatures  will  be 
higher. 

3.  Use  of  a  more  reactive  reagent. 

4.  Resorting  to  higher  pressure  reactions  in  some  instances. 

5.  Catalysts. 


Technique  1  is  employed  in  the  acetylation  of  hydroxyl  and  amino 
groups  (pp.  12-14).  At  least  one  part  of  acetic  anhydride  to  3  parts  of 
pyridine  must  be  used,  to  operate  in  a  reasonable  length  of  time.  If  more 
pyridine  is  used,  the  reaction  time  increases  sharply.  In  the  dechlorination 
of  l-chloro-2-methoxy-2-phenylethane,  if  0.5 N  sodium  hydroxide  is 
used,  the  reaction  proceeds  to  only  12%  of  completion  in  4  hours;  if  5 N 
sodium  hydroxide  is  used,  the  reaction  is  complete  in  30  minutes. 

The  saponification  of  some  esters  requires  the  use  of  technique  2. 
Alcoholic  (methanol)  sodium  hydroxide  is  usually  used  for  saponification 
of  esters.  Some  esters  do  not  saponify  readily,  however,  and  the  reflux 
temperature  of  the  methanol  is  too  low  to  permit  complete  reaction  in  a 
reasonable  time.  The  use  of  a  higher  alcohol  overcomes  this  difficulty  (see 


pp.  167-171).  . 

The  dechlorination  of  methyl-a-chloroacrylate  can  also  be  used  in  the 
application  of  technique  2.  If  ethyl  alcohol  is  used  as  a  solvent,  the 
dechlorination  proceeds  to  about  70%  completion  in  2  hours;  with 
trimethylbenzene  (mixture  of  various  isomers,  b.p.,  170°C)  the  reaction 


goes  to  completion  in  30  minutes. 

The  dechlorination  of  methyl-a-chloroacrylate  can  also  be  used  to 
demonstrate  technique  3.  If  pyridine  is  used  as  the  dechlonnating  agent, 
no  reaction  takes  place;  with  piperidine,  which  is  a  much  stronger  base 
the  reaction  proceeds  to  completion  in  30  minutes.  When  applied  to 
dechlorination  of  l-chloro-2-methoxyl-2-phenylethane,  pyridine  y.eWs 

no  reaction  in  2  hours,  piperidine  yields  about  75  h  reac  ‘on’  ^" 
sodium  hydroxide  (a  stronger  base  than  piperidine)  yields  complete 


^Technique  4  ia  applicable  only  when  one  ol  the  ,«ac.,,,s  ,,  > <» £ 
quantitative  hydrogenation,  the  teact.on  proceeds  at  a  l.ttet  rate 

higher  the  pressure-  ‘ 

sample  is  saturated  in  about  2  hours  at  tu  cm  g, 
at  50  cm  Hg. 
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Catalysts  (technique  5)  can  sometimes  be  employed  to  speed  up  a 
reaction.  The  use  of  mercuric  sulfate  will  speed  up  the  addition  o 
bromine  to  an  unsaturated  linkage  (1).  2-Heptyne  will  brominate  com¬ 
pletely  in  7  minutes  in  the  presence  of  mercuric  sulfate,  whereas  without 
the  catalyst  the  results  are  23%  low  under  the  same  conditions.  Dichloro- 
ethylene  will  brominate  completely  in  5  minutes  with  the  catalyst,  but 
without  the  catalyst  it  will  go  only  2%  toward  completion  in  20  minutes. 

The  completeness  of  a  reaction  is  often  affected  by  the  existence  of  an 
equilibrium.  There  are  several  ways  of  eliminating  or  at  least  minimizing 
the  effects  of  an  equilibrium.  The  reaction  can  be  pushed  closer  to 
completion  by  using  a  higher  concentration  of  reagent,  or  it  can  be  pulled 
to  completion  by  removing  one  of  the  products  from  the  reaction.  The 
latter  method  is  preferable.  The  reaction  of  acetophenone  and  hydrox- 
ylamine  hydrochloride  is  a  good  example  of  how  equilibrium  difficulties 
can  be  overcome. 

O  NOH 

II  II 

<t>c— CH3  4-  NHoOH  HCl  ^  </>C— C H3  +  H20  +  HC1 

In  an  aqueous  system,  the  reaction  equilibrium  does  not  permit  the 
reaction  to  proceed  more  than  about  50%  to  completion.  In  a  nonaque- 
ous  solvent  (1:1  ethylene  glycol-isopropyl  alcohol),  the  reaction  goes  to 
80%  completion.  When  a  weak  base,  di(/3-hydroxyethyl)aniline,  is  added 
to  the  solvent  mixture  to  tie  up  the  hydrogen  chloride  liberated,  the 
reaction  proceeds  to  100%  completion.  If  water  is  added  to  the  system 
containing  even  the  weak  base,  the  equilibrium  is  set  up  again  (see  pp. 
95-96  for  additional  discussion). 

Equilibrium  difficulties  are  also  encountered  in  determining  carbonyl 
compounds  using  sodium  sulfite. 

Na2S03  +  — CHO  +  H20  ^  — CHOH  +  NaOH 

S03Na 

When  a  carbonyl  compound  is  introduced  into  a  solution  of  sodium 
sulfite,  the  pH  of  the  solution  rises,  indicating  liberation  of  the  hydroxide. 
On  titration  of  the  hydroxide,  a  few  milliliters  of  acid  brings  the  pH  of  the 
solution  back  to  the  original  pH  of  the  sulfite;  but  on  standing,  the  pH 
rises  again  as  more  hydroxide  is  formed.  On  addition  of  an  excess  of 
standard  acid,  the  reaction  can  be  brought  to  completion.  Titration  of  the 
excess  of  acid  indicates  the  amount  of  carbonyl  compound.  However  as 
the  excess  acid  is  consumed  and  the  end  point  is  approached,  the  bisulfite 

L  “7^  and  D  Pressma"-  Anal.  Chem.,  10,  140-2  (1938);  see  also  pp.  383-386  of 
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addition  compound  breaks  up  and  the  equilibrium  is  again  noticed.  This 
action  tends  to  dull  the  end  point.  To  minimize  this  effect,  a  large  excess 
of  sodium  sulfite  is  used  to  keep  the  reaction  essentially  at  completion  as 
the  excess  of  acid  is  consumed.  When  aliphatic  aldehydes  through  the 
butyraldehyde  are  determined,  on  addition  of  the  sample  to  the  sulfite, 
the  hydroxide  liberated  can  be  titrated  if  time  is  allowed  between  addi¬ 
tions  of  acid  for  the  reaction  to  proceed  further.  The  problem  here  is  the 
low  boiling  points  of  some  of  these  aldehydes,  which  cause  loss.  On 
addition  of  excess  acid  to  the  sulfite  solution,  the  reaction  is  so  near 
completion  that  no  aldehyde  odor  can  be  noted,  in  spite  of  the  low  boiling 
points  and  strong  odors  of  some  aldehydes.  On  back-titration  of  the 
excess  acid,  as  soon  as  the  end  point  is  close  the  odor  of  free  aldehyde 
becomes  noticeable,  showing  the  presence  of  an  equilibrium. 

When  aldehydes  such  as  benzaldehyde  are  determined,  the  equilibrium 
is  noticeable,  and  the  end  point  on  back-titration  of  the  excess  acid  is 
dulled  to  a  significant  extent,  but  results  can  still  be  obtained. 

With  acetone  and  most  ketones,  even  a  large  excess  of  sulfite  cannot 
keep  the  reaction  anywhere  near  completion.  As  the  acid  is  consumed  on 
the  back-titration,  the  bisulfite  addition  compound  breaks  down  and  the 
reaction  proceeds  in  the  reverse  direction.  As  a  result,  no  end  point  is 
visible  (see  105-6  for  further  discussion). 


SOLVENT  PROBLEMS 

Since  nonaqueous  titrations  began  to  be  used,  a  number  of  the  prob¬ 
lems  of  the  organic  analyst  have  been  solved.  One  of  the  main  problems 
of  the  organic  analyst  has  been  the  solution  of  his  samples.  Very  often  a 
procedure  was  found  that  should  have  operated  well  for  a  certain  com¬ 
pound,  but  the  sample  failed  to  dissolve  in  the  solvent  used  for  the 
analysis.  It  has  now  been  learned  that  we  can  titrate  effectively  in  many 
organic  solvents,  so  that  if  the  solvent  used  in  a  certain  method  does  not 
dissolve  the  sample,  one  can  usually  be  discovered  in  which  the  reaction 
and  the  final  titration  can  be  run.  Some  such  solvents  have  been  men¬ 
tioned  in  this  book  (see  Determination  of  Enols,  pp.  46-57;  Carboxylic 
Acids  and  Salts,  pp.  160-4;  Amines,  pp.  533-8;  Sulfonamides,  pp. 
cf)7_e  i  9) 

'  Another  solvent  problem  arises  from  the  reactivity  of  certain  samples 
such  as  acid  anhydrides  (pp.  230-56)  and  acid  chlorides  (pp.  223-30). 
These  samples  react  with  many  organic  solvents.  However  solvents  have 
been  found  that  are  unreactive  toward  these  compounds;  although  titra 
Hons  can  still  be  run  in  them.  Dimethylformamide,  acetone  and 
chlorobenzene  are  such  solvents.  Also,  some  solvents  affect  the  analytics 
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reaction  to  some  degree.  In  the  foregoing  paragraphs  the  effect  of  water 
on  the  completion  of  a  reaction  was  indicated,  since  it  affected  the 
equilibrium  of  the  reaction.  A  nonaqueous  solvent  was  found  that  would 
circumvent  this  problem,  in  which  the  sample  and  reagents  were  soluble 
and  titration  was  possible. 

The  use  of  nonaqueous  solvents  has  also  enabled  the  analyst  to 
accelerate  stubborn  analytical  reactions  by  making  possible  the  use  of 
higher-boiling  solvents,  which  yield  a  higher  temperature  for  a  reaction, 
yet  permit  the  final  analysis. 

When  poor  end  points  are  obtained  in  water  or  other  solvents,  this 
difficulty  can  often  be  resolved  by  using  certain  nonaqueous  solvents.  The 
titrations  of  weak  acids  that  show  poor  or  sometimes  no  end  points  in 
titration  curves  when  run  in  solvents  such  as  acetone,  dimethylformamide, 
ethylene  diamine,  and  butylamine  will  show  very  sharp  end  points  (pp. 
161-4,  807-12).  The  same  is  true  with  weak  bases  that  show  no  end  point 
or  a  very  poor  end  point  in  water.  These  materials  will  usually  show  very 
good  end  points  in  glacial  acetic  acid,  ethylene  glycol-isopropanol,  and 
acetone  (pp.  533-5). 

INTERFERENCES 

In  functional  group  analysis,  as  in  all  types  of  analysis,  the  problem  of 
interferences  arises.  A  sample  containing  a  component  that  interferes 
with  the  desired  analysis  can  be  treated  in  several  ways. 

1.  By  physical  means  (distillation,  adsorption,  extraction)  to  separate 
the  desired  component  from  the  interference. 

2.  Chemically,  to  alter  the  interference  into  a  compound  that  is  harm¬ 
less  to  the  analysis  or  to  alter  the  desired  component  and  put  it  in  a  form 
in  which  it  is  determinable  in  the  presence  of  the  interference.  Also,  both 
the  desired  component  and  the  interference  can  be  chemically  altered, 
but  the  altered  form  of  the  desired  component  is  determinable  in  the 
presence  of  the  altered  form  of  the  interference. 

3.  By  a  method  that  determines  both  the  desired  component  and  the 
interference;  then  the  interference  alone  is  determined  and  the  desired 
component  is  obtained  by  difference. 

An  example  of  technique  1  is  the  determination  of  free  phenol  in  a 
phenolic  resin  by  bromination.  If  the  bromination  procedure  is  carried 
out  on  the  sample  as  is,  the  analysis  for  the  phenol  will  be  high  owing  to 
substitution  of  bromine  on  the  resin.  If  the  free  phenol  is  separated  from 
the  resin  by  dissolving  the  sample  in  chloroform  and  extracting  the  free 
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phenol  from  the  solution  using  aqueous  sodium  hydroxide  solution,  the 
aqueous  extract  may  be  used  for  the  determination. 


An  example  of  technique  2  is  the  determination  of  diethylaniline, 
monoethylaniline,  aniline,  and  ethyl  alcohol  in  the  presence  of  each  other. 
All  three  amines  are  very  basic  in  glycol-isopropyl  alcohol  and  can  be 
titrated.  On  reaction  of  the  sample  with  acetic  anhydride,  the  aniline  and 
monoethylaniline  are  converted  to  the  corresponding  anilides,  which  are 
not  basic;  then  the  reaction  mixture  can  be  titrated  directly  with  standard 
acid  for  diethylaniline  in  the  glycol-isopropyl  alcohol  medium  (pp.  569- 
72).  This  is  an  example  of  reacting  the  interferences  to  remove  them. 

The  determination  of  the  aniline  is  an  example  of  chemically  reacting 
the  desired  component  to  make  it  determinable.  In  this  case  the  total  base 
content  of  the  mixture  is  determined.  Then  salicylaldehyde  is  added  to  a 
separate  sample  to  react  with  the  aniline  to  form  the  Schiff  base,  which  is 
only  weakly  basic  in  the  glycol-alcohol  medium.  The  remaining  basicity  is 
determined  in  this  sample.  The  difference  between  the  total  base  and  the 
base  content  after  addition  of  the  salicylaldehyde  yields  the  aniline 
analysis  (pp.  569-72). 

The  determination  of  the  ethanol  is  an  example  of  reacting  both  the 
desired  component  and  the  interference,  but  the  reacted  form  of  the 
desired  component  is  determinable  in  the  presence  of  the  reacted  form  of 
the  interference.  Ethanol  can  be  determined  by  acetylation,  but  the 


aniline  and  monoethyl  aniline  interfere.  This  sample  can  be  handled  by 
reacting  with  acetic  anhydride.  The  alcohol  is  converted  to  the  ester,  and 
the  two  interfering  amines  are  converted  to  their  anilides.  The  ester  can 
be  saponified  quantitatively  with  caustic,  but  the  anilides  are  not  notice¬ 
ably  affected.  The  saponification  figure  then  yields  the  alcohol  analysis 

(pp.  40-1). 

Technique  3  can  be  demonstrated  in  the  analysis  of  mixtures  of  acetals 
and  vinyl  ethers.  The  total  ether  plus  acetal  can  be  determined  by 
hydrolyzing  the  sample  and  determining  the  acetaldehyde  formed  (pp. 
510-511).  On  a  separate  sample,  the  vinyl  ether  can  be  determined 
iodimetrically  (pp.  515-7).  The  acetal  is  obtained  by  difference. 

Another  example  of  technique  3  is  the  determination  of  the  components 
of  a  mixture  of  HOCH2C-CCH2OH,  HOCH2CH  =  CHCH2OH,  and 
HOCH7CH2CH2CH2OH.  A  quantitative  acetylation  picks  up  all  three  com 
ponents.  A  quantitative  bromination  picks  up  the  unsaturated  components 
(do  383-6)  The  acetylenic  member  of  the  series  is  obtained  us  g 
hydration  method  (pp.  467-72).  By  subtracting  the  analysis  for  the  acety¬ 
lenic  compound  from  the  bromination  analysis,  the  ethylemc  compound lean 
be  obtained.  By  subtracting  the  bromination  analysis  from  the  acetylatio  , 

the  saturated  butanediol  is  obtained. 
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The  Role  of  Quantitative 
Functional  Group  Determination 
in  the  Identification  of  Organic 

Compounds* 

In  the  past,  identifications  have  been  handled  mainly  by  running  elemen¬ 
tal  analyses  and  by  preparing  solid  derivatives.  This  chapter  indicates  the 
usefulness  of  quantitative  functional  group  determination  in  the  solution 
of  identification  problems. 

Identification  problems  lie  in  two  main  categories.  In  the  first  category, 
the  chemist  is  rather  sure  of  the  identity  of  his  compound,  since  he  carried 
out  a  known  reaction  with  known  reagents,  yet  he  needs  verification  of 
the  identity  of  his  compound  before  he  can  proceed  with  his  work.  In  the 
second  category,  we  have  the  identification  of  unknowns. 

In  the  first  category  are  the  compounds  that  are  prepared  under  known 
conditions  and  by  known  reagents,  but  whose  identity  has  yet  to  be 
established.  It  has  been  the  standard  practice  for  many  years  for  the 
chemist  who  has  been  working  on  a  synthesis  to  send  the  product  for  the 
usual  elemental  analyses  to  verify  the  identity  of  the  product.  It  has 
become  recognized  as  more  advantageous  to  verify  the  identity  of  an 
organic  compound  by  quantitatively  determining  the  functional  groups 
that  should  be  on  the  molecule.  The  analysis  is  more  meaningful  if  we 
determine  that  the  synthesized  compound  contains  the  theoretical  amount 
of  nitro  group  or  amino  group  rather  than  just  the  theoretical  amount  of 
nitrogen.  Along  the  same  lines  the  identity  of  a  hydroxy  acid,  for 
example,  is  more  firmly  established  by  a  hydroxyl-group  determination 
and  carboxyl-group  determination  than  by  a  carbon  and  hydrogen  deter¬ 
mination. 

Functional  group  analysis  also  eliminates  the  uncertainty  that  exists 
when  the  elemental  analyses  are  close  to  the  theoretical  but  not  quite 
there.  If  a  carbon  analysis  is  1%  low  out  of  a  theoretical  50.0%  carbon, 
the  compound  could  be  98%  pure  but  very  often  is  much  less  pure,  since 
all  organic  compounds  also  contain  carbon. 

Elemental  analysis  has  a  definite  role  in  organic  analysis,  and  the 
foregoing  should  not  be  construed  to  mean  that  functional  group  analysis 

The  source  of  this  chapter  is  S.  Siggia,  Anal.  Chem.,  23,  667  (1951). 
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should  replace  elemental  analysis.  However  the  emphasis  is  on  the 
greater  specificity  of  the  functional  group  determination. 

In  the  second  category  is  the  case  of  the  analyst  who  is  not  verifying  the 
identity  of  a  compound  but  actually  must  establish  the  identity  of  an 
unknown.  It  is  best  to  illustrate  this  category  with  several  examples: 

It  was  discovered  that  in  the  reaction 


HfeCH  +  CH20  -*  HC=CCH2OH 


several  side  reactions  took  place,  and  the  by-products  had  to  be  iden¬ 
tified.  The  product  of  the  reaction  was  distilled,  and  two  materials  were 
isolated  that  did  not  have  the  physical  constants  of  any  of  the  known 
materials  from  the  reaction  mixture.  All  the  functional  groups  involved  in 
the  system  were  known,  and  no  matter  which  functional  groups  were 
consumed  in  forming  the  by-products,  there  still  should  have  been  some 
unreacted  groups  that  would  be  determinable.  In  the  case  of  these  two 
by-products,  the  following  determinations  were  run:  hydroxyl,  acetylenic 
hydrogen,  unsaturation,  and  free  and  combined  carbonyl  groups  (the 
combined  carbonyl  groups  being  acetal-like  compounds).  The  hydroxyl 
and  free  carbonyl  values  were  zero.  However  definite  values  were  ob¬ 
tained  for  acetylenic  hydrogen,  for  unsaturation,  and  for  combined  car¬ 
bonyl.  From  these  values,  the  corresponding  “equivalent  weight’'  was 
calculated.  (The  term  “equivalent  weight”  is  used  here  in  the  same  sense 
as  neutralization  and  saponification  equivalents  are  used.  Hydroxyl,  car¬ 
bonyl,  amide,  etc.,  equivalents  are  just  as  useful  as  the  neutralization  and 
saponification  equivalents  but  for  some  reason  have  been  completely 
neglected  in  the  analytical  field.  The  “equivalent”  is  actually  the  molecu¬ 
lar  weight  of  the  compound  if  only  one  of  the  determined  functional 
groups  is  on  the  molecule.  It  is  one-half  the  molecular  weight  if  there  are 
two  such  functional  groups  on  the  molecule;  it  is  one  third  the  molecular 

weight  if  three  groups  are  present,  etc.) 

From  the  “equivalent  weights”  determined  by  these  analyses  and  also 
from  the  known  reactants  and  conditions  present  in  the  original  reaction 
mixture,  the  identity  of  the  two  materials  was  established  as 


(1)  HC=CCH(OCH3)2  (2)  H2C(OCH2C=CH)2 

In  the  case  of  compound  1,  the  functional  group  analysis  not  only  told 
what  groups  were  present  and  which  of  the  starting  groups  were  absent 
but  gave  the  “equivalent  weight”  according  to  each  group.  This  indicated 
that  there  was  one  acetylenic  hydrogen  for  each  acetal-like  group  an 
that  there  was  either  one  triple  bond  for  each  of  the  groups  above  or  two 
double  bonds.  Figuring  the  molecular  weight  of  the  compound  as  equal  to 
the  “equivalent  weight,”  the  formula  shown  for  compound  1  was  reache  . 
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From  familiarity  with  the  system,  it  was  known  that  propargyl  alcohoh  the 
desired  product  of  the  reaction,  does  oxidize  on  standing  to  the  co 
sponding  aldehyde.  Also  it  was  known  that  methanol  was  Prcsent  in 
formalin  used  in  the  synthesis.  The  reaction  mixture  was  also  slightly 
acidic,  so  that  all  the  prerequisites  existed  to  obtain  the  compound 

indicated  by  the  functional-group  determination. 

In  the  case  of  compound  2,  again  the  functional  group  determination 
indicated  the  groups  present  and  which  of  the  starting  groups  were 
absent.  The  “equivalent  weight”  according  to  each  group  indicated  that 
two  acetylenic  hydrogens  were  present  for  each  acetal-like  group  and  also 
that  there  were  two  triple  bonds  (or  an  unlikely  four  double  bonds)  for 
each  acetal-like  group.  It  was  evident  then  that  the  molecular  weight  was 
at  least  the  “equivalent  weight”  as  calculated  from  the  acetal  analysis 
with  two  acetylenic  hydrogens  and  two  triple  bonds,  or  that  the  molecular 
weight  had  to  be  some  multiple  of  that  value.  From  these  data  and  from 
the  knowledge  that  formaldehyde  and  propargyl  alcohols  were  present  in 
the  original  reaction  and  that  they  form  formals  under  slightly  acid  con¬ 
ditions  (which  were  present  in  the  reaction),  it  was  simple  to  arrive  at  the 


identity  of  compound  2. 

Functional  group  determination  does  not  make  an  absolute  identifica¬ 
tion.  It  does,  however,  yield  data  that  serve  to  indicate  the  probable 
identity  of  the  compound.  The  absolute  identification  is  made  by  actually 
synthesizing,  by  known  methods,  the  compound  indicated  by  the  func¬ 
tional  group  determination  and  then  comparing  the  known  against  the 
unknown  by  standard  techniques  such  as  comparison  of  the  infrared 
curves  of  each;  the  X-ray  diffraction  patterns,  in  the  case  of  crystalline 
solids;  microscopical  examination;  also,  for  crystalline  solids,  crystalline 
form,  refractive  indices  of  the  crystals,  and  other  optical  behavior  can  be 
compared.  Other  physical  properties  such  as  boiling  point,  freezing  point, 
refractive  index,  and  density  can  be  used  to  compare  the  known  and  the 
unknown. 

The  value  of  the  functional  group  determination  lies  in  the  fact  that  it 
indicates  the  type  of  unknown  compound  and  also  gives  the  molecular 
weight,  or  a  factor  thereof,  with  the  ratios  of  the  functional  groups  to 
each  other  on  the  molecule,  which  are  very  important  data  in  an  identifi¬ 
cation. 

Another  example  of  an  identification  that  would  be  classed  in  the 
second  category  was  the  identification  of  a  detergent,  which  was  said  to 
be  a  fatty  acid-ethylene  oxide  compound  (RC00[CH2CH20]vH).  The 

equivalent  weight  in  this  case  was  determined  by  a  saponification 
determination,  since  the  compound  is  an  ester.  This  value  was  of  such 
magnitude  that  either  R  or  x  had  to  be  small.  Since  the  sample  was  water 
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soluble,  however,  x  had  to  be  quite  large.  A  determination  was  run  for 
combined  ethylene  oxide  (pp.  278-83),  and  this  was  found  to  be  quite 
large;  thus  contrary  to  prior  information,  R  could  not  be  a  fatty  acid. 
From  the  “equivalent  weight”  and  from  the  ethylene  oxide  content,  the 
size  of  the  R  group  was  computed.  This  was  verified  by  isolating  the 
sodium  salt  of  the  acid,  which  came  out  of  solution  on  alcoholic  saponifi¬ 
cation,  and  determining  the  sodium  carboxylate  “equivalent”  by  the 
combustion  procedure  (pp.  168-9).  The  “equivalent  weight”  of  the  acid 
then  calculated  from  this  value  compared  very  closely  to  that  calculated 
from  the  “equivalent  weight”  of  the  ester,  corrected  for  the  ethylene 
oxide  content.  Knowing  the  “equivalent  weight”  of  the  acid  made  it  a 
simple  matter  to  obtain  samples  of  all  the  known,  commercially  available 
acids  of  approximately  that  “equivalent  weight”  and  to  get  the  compari¬ 
sons  necessary  for  an  absolute  identification. 

In  summary,  then,  quantitative  determination  of  the  functional  groups 
can  be  a  valuable  aid  in  identifying  complete  unknowns  as  well  as  in 
verifying  the  identity  of  suspected  compounds.  In  the  latter  type  of 
identification,  the  functional  group  determination,  because  of  its  specific¬ 
ity,  yields  a  more  meaningful  identification  than  an  elemental  analysis. 

The  main  value  of  functional  group  analysis  in  identifying  complete 
unknowns  lies  in  the  determination  of  the  ratio  of  the  groups  to  one 
another  and  the  determination  of  the  functional  equivalent  weight  of  the 
compound,  which  is  a  factor  of  the  molecular  weight. 
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The  Use  of  Differential  Reaction 
Rates  to  Analyze  Mixtures 
Containing  the  Same  Functional 

Group 


The  rate  of  reaction  gives  us  another  parameter  that  we  can  use  in 
analysis  to  handle  mixtures.  We  have  already  seen  some  examples.  In  the 
bromination  analysis  for  unsaturation  (pp.  375-6),  we  saw  that  the  faster 
rate  of  addition  of  bromine  to  the  unsaturation  over  the  substitution  of 
bromine  for  the  hydrogen  atoms  on  the  molecule  could  make  analysis 
possible.  Another  example  was  seen  in  the  determination  of  hydroxyl 
compounds  in  the  presence  of  amines  (pp.  40—1),  where  the  acetylation 
reaction  yields  esters  from  the  hydroxy  compounds  and  amides  from  the 
amines.  Saponification  of  the  esters  was  then  often  possible  without 
significant  effect  from  the  amides,  since  the  esters  saponify  so  much  more 
rapidly  than  the  amides. 

The  foregoing  represent  extreme  cases,  where  reaction  with  one  com¬ 
ponent  proceeds  so  much  more  rapidly  than  with  the  other  that  the 
reagent  is  basically  reacting  with  only  one  component.  However  it  is  now 
possible  to  resolve  functional  groups  whose  rates  of  reaction  (rate  con¬ 
stants)  differ  by  only  a  factor  of  2.  In  these  cases,  both  components  are 
reacting  with  the  reagent,  but  one  is  reacting  faster  than  the  other. 

Lee  and  Kolthoff  (1)  pointed  out  the  potentialities  of  the  kinetic 
approach.  Their  approach  is  empirical,  however,  and  consists  of  reacting  a 
mixture  with  a  reagent  at  a  fixed  temperature  for  a  specified  length  of 
time.  A  calibration  curve  is  prepared  indicating  the  amount  of  each 
component  reacted  per  unit  time.  The  composition  of  the  unknown  is 
determined  from  the  curve.  The  disadvantages  of  this  approach  are  (1) 
the  compounds  being  determined  must  be  known,  so  that  rate  constants 
for  each  component  can  be  obtained  at  the  given  temperature  and 
calibration  curves  plotted;  and  (2)  the  experiments  must  be  run  at 
constant  temperature  and  concentrations.  Lee  and  Kolthoff  indicated  that 
the  theoretical  limit  of  resolution  of  their  method  was  for  compounds 

1.  T.  S.  Lee  and  I.  M.  Kolthoff,  Ann.  N.Y.  Acad.  Sci.,  53,  1093  (1951). 

2.  H.  Etienne,  Ind.  Chim.  Beige ,  17,  455  (1952). 
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whose  rates  of  reaction  with  a  given  reagent  differed  by  more  than  a 
factor  of  4.  Their  experiments,  however,  showed  no  example  of  analysis 
of  mixtures  whose  rates  of  reaction  were  closer  than  a  factor  of  17. 

The  authors,  encountering  the  difficulties  of  the  Lee  and  Kolthoff 
approach,  used  conventional  second-order  kinetic  considerations  and 
calculations  and  found  that  these  could  be  applied  very  readily  with  no 
need  for  temperature  control  or  knowledge  of  the  rate  constants  of  the 
compounds  involved. 

The  method  of  Siggia  and  Hanna  permits  a  wide  range  of  application, 
resolving  components  whose  rates  differ  by  only  a  factor  of  2.  The 
method  may  permit  a  better  resolution  than  this,  but  no  examples  with 
closer  rate  constants  have  been  found  to  try  the  method  further.  This 
approach  permits  resolution  of  such  closely  related  compounds  as  iso¬ 
mers;  that  is,  1 -propanol  and  2-propanol,  1 -butanol  from  2-butanol,  2- 
pentanone  from  3-pentanone.  It  also  permits  resolution  of  homologs  such 
as  1-butanol  from  1-pentanol,  1-pentanol  from  1-heptanol,  n-hexylamine 
from  n-heptylamine,  which  differ  by  only  one  carbon  atom.  The  approach 
is  so  sensitive  that  it  will  resolve  two  of  the  same  functional  groups  on  the 
same  molecule,  such  as  the  hydroxyl  groups  on  propylene  glycol  and 
glycerine,  and  the  amino  groups  on  phenylene  diamine. 


Determination  of  Mixtures  of  Hydroxy  Compounds  and 
Mixtures  of  Carbonyl  Compounds 

Method  of  S.  Siggia  and  J.  G.  Hanna 

[ Reprinted  in  Part  from  Anal.  Chem.,  33,  896-900  (1961)] 

The  approach  uses  the  conventional  plotting  of  second-order  reaction 
data.  In  a  second-order  reaction,  the  rate  is  dependent  on  the  concentra¬ 
tions  of  two  reactants  in  the  system.  Hence  if  A  and  B  are  reacting,  their 
concentrations  a  and  b  determine  the  rate.  If  x  describes  the  amount  of 
A  and  B  that  has  reacted  at  time  t,  then  the  rate  of  reaction  dx/dt  can  be 

described  as 

—  =  k(b-x)(a-x) 
dt 

On  integration,  taking  into  account  that  x  =  0  when  t  =  0,  and  x-x 
when  t—  t,  the  equation  develops  as  follows: 

2.303  ,  a(b-x) 
k  ~~  t(b-a)  °g  b(a-x) 
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Plots  of  lo e(b-x)Ka-x)  against  t  in  the  conventional  manner  yield 
straight  lines  for  second-order  reactions.  When  two  second-order  reactions 
are  proceeding  in  the  same  mixture,  a  curve  with  two  straight-  in 
portions  is  obtained  if  the  reaction  rates  of  the  two  reactions  ar 

sufficiently  different.  u  .  ( 

Many  reactions  used  to  determine  organic  compounds  via  their  func¬ 
tional  groups  are  second-order  reactions.  Some  of  these  lend  themselves 
very  readily  to  rate  studies,  which  makes  possible  the  resolution  of  t  e 
components  in  the  mixture.  Below  are  examples  of  reactions  that  have 
been  found  usable  with  this  rate  approach  to  resolve  mixtures  containing 

the  same  group. 


ANALYSIS  OF  MIXTURES  OF  ALCOHOLS  INCLUDING 
MIXTURES  OF  ISOMERIC  PRIMARY  AND  SECONDARY 
ALCOHOLS 

The  literature  contains  no  general  chemical  method  for  the  analysis  of 
mixtures  of  two  homologous  alcohols  or  mixtures  of  isomeric  primary  and 
secondary  alcohols.  Methods  (2,3)  for  the  specific  determination  of 
2-propanol  in  mixtures  involve  oxidation  of  the  2-propanol  to  acetone 
and  subsequent  determination  of  the  acetone  produced.  A  method  (4)  has 
been  described  for  the  determination  of  small  amounts  of  secondary  in 
primary  alcohols.  This  also  involves  oxidation  of  the  secondary  alcohol  to 
a  ketone  and  colorimetric  estimation  of  the  ketone. 

The  method  described  here  is  based  on  the  differences  in  reaction  rates 
of  different  alcohols  with  acetic  anhydride. 

It  is  necessary  to  know  the  total  hydroxyl  content  of  the  sample  used  in 
order  to  select  the  sample  size  and  to  make  the  calculations  for  the 
analysis.  This  can  be  done  by  an  established  acetylation  procedure  (pp. 
12-22).  The  amount  of  the  less  reactive  component  is  found  by  differ¬ 
ence. 


REAGENTS 

Reagent  grade  pyridine  and  reagent  grade  acetic  anhydride. 

Titration  indicator,  a  2: 1  mixture  of  0.1%  Nile  blue  sulfate  in  50%  ethanol  and 
1%  phenolphthalein  in  95%  ethanol. 

The  alcohols  used  as  standards  were  reagent  grade  chemicals. 

The  propanols  were  dried  over  calcium  chloride  and  distilled. 

3.  F.  Strache  and  E.  Martienssen,  Z.  Lebensm.-Untersuch.  Forsch.,  104,  339  (1956). 

4.  F.  E.  Critchfield  and  J.  A.  Hutchinson,  Anal.  Chem.,  32,  862  (1960). 
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PROCEDU  RE 

Transfer  a  sample  containing  0.05  mole  of  hydroxyl  to  a  250-ml 
volumetric  flask,  using  pyridine,  and  dilute  it  to  almost  240  ml  with 
pyridine.  Pipet  10  ml  of  acetic  anhydride  into  the  flask  and  rapidly  dilute 
the  mixture  to  volume  with  pyridine.  Note  the  time.  At  intervals,  pipet 
10-ml  aliquots  into  glass-stoppered  flasks,  add  5  ml  of  water  to  each,  and 
again  note  the  time.  Allow  each  to  stand  at  least  10  minutes  and  then 
titrate  with  0.1N  alcoholic  potassium  hydroxide.  Run  a  blank  by  pipetting 
10  ml  of  acetic  anhydride  into  a  250-ml  volumetric  flask  and  diluting  to 
volume  with  pyridine.  A  10-ml  aliquot  of  this  is  treated  in  the  same 
manner  as  the  sample. 

Log  (b  —  x)/(a  —  x)  is  plotted  against  t,  where  x  is  the  decrease  in 
concentration  of  reactant  in  time  t,  and  a  and  b  are  the  initial  concentra¬ 
tions  of  alcohol  and  anhydride,  respectively.  If  a  mixture  of  two  alcohols 
is  indicated,  straight  lines  are  drawn,  representing  the  two  slopes.  The 
extrapolation  procedure  for  the  determination  of  the  more  reactive 
alcohol  is  illustrated  in  Fig.  25.1.  This  plot  is  the  second-order  reaction 
curve  for  the  mixture  of  1-butanol  and  2-butanol  listed  in  Table  1.  The 


of  butanols. 
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Mixture 

Number 


1 

2 

3 

4 

5 

6 
7 


Table  1.  Alcohol  Mixtures 

Alcohols  %  Primary 


Primary  Secondary 


1 -Propanol 

1-Propanol 

1- Propanol 

3-Amino-l-propanol 

1-Butanol 

1-Octanol 

1-Pentanol 


2-Propanol 

2-Propanol 

2-Propanol 

1  -  Amino-2-propanol 

2-Butanol 

2- Octanol 

3- Pentanol 


Present  Found 


1.01 

1.00 

50.5 

50.0* 

20.3 

21.0b 

49. 6C 

49.5 

19.9 

19.9 

74.8 

64. 2d 

14.9 

15.5 

a  Alcohol  in  excess  of  acetic  anhydride. 
b  Isocyanate  reaction. 
c  99.1  %  pure  by  acidimetric  titration. 

d  Concentration  of  primary  alcohol  is  so  large  that  points  for  portion  of  curve 
representing  reaction  rate  of  secondary  alcohol  are  near  end  of  reaction,  where 
they  are  not  reliable. 


line  representing  the  slope  of  the  less  reactive  alcohol  (slope  2)  is 
extrapolated  to  point  A  at  zero  time.  A  line  AB  is  drawn  parallel  to  the 
time  axis.  The  time  T  at  point  B  of  intersection  between  this  line  and 
slope  1  is  read.  The  concentration  of  the  more  reactive  alcohol  is  then  the 
concentration  of  alcohol  reacted  at  this  time. 

The  best  plot  of  log  (b  -  x)/(a  -  x)  versus  time  is  obtained  by  first 
plotting  x  versus  t,  which  are  the  experimental  data.  The  points  are  then 
taken  off  this  plot  to  constitute  the  final  plot.  The  procedure  serves  two 
purposes;  it  averages  the  errors  in  the  experimental  data,  and  it  provides 
a  large  number  of  points  for  a  good  plot  of  log  (b  -  x)/{a  -  x)  and  t.  The 
latter  is  important  to  issue  enough  points  to  clearly  define  the  two 
straight-line  portions  of  the  curve. 

For  the  example  illustrated,  T  was  found  to  be  59.5  minutes.  From  a 
plot  of  x  versus  f,  the  concentration  of  alcohol  reacted  in  this  time  was 
found  to  be  0.0398  mole  per  liter.  The  total  mole  per  liter  of  butanol 
present  was  0.2000.  Then 

0.0398  _ 

0  2000  X  -  19.9%  1 -butanol  found 

An  alternate  calculation  is  as  follows. 

Let  a  =  ax  —  a2,  where  ax  represents  the  concentration  of  the  more 
reactive  hydroxyl.  When  slope  2  is  extrapolated  to  zero  time, 

x  =  a  i  at  t  =  0 
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and 


log  (b  -  x)/(a  -  x)  =  log  ( b  -  ax)/(a  -  ax) 


value  at  point  A,  the  intercept  (t  =  0). 


For  Fig.  25.1, 


b  =  0.415 
a  =  0.2 


and 


Thus  ax  =  0.0396  mole  per  liter  or  19.8%  1-butanol. 

DISCUSSION  AND  RESULTS 

If  this  method  of  analysis  is  to  be  successful,  the  difference  between  the 
specific  rates  of  reaction  of  the  components  in  the  mixture  must  be  large 
enough  so  that  a  separate  and  distinct  linear  plot  is  obtained  for  each 
component  when  the  second-order  reaction  rate  plot  is  made.  However 
no  mixture  of  alcohols  was  encountered  where  this  difference  was  not 
sufficient  for  this  method  to  be  used.  From  the  standpoint  of  ease  of 
following  the  reaction  and  for  the  best  resolution  of  the  two  slopes,  the 
most  practical  molar  ratio  of  anhydride  to  hydroxyl  is  about  2:1. 

Since  the  rate  of  reaction  is  dependent  on  the  concentration  of  the  two 
reactants  in  the  system,  the  rate  may  be  increased  by  increasing  the 
concentration  of  the  alcohol  or  anhydride  or  of  both.  However  if  the 
reaction  is  too  rapid,  difficulty  is  experienced  with  the  resolution  of  the 
two  portions  of  the  curve.  The  concentrations  of  alcohol  and  anhydride 
chosen  must  not  be  equal,  because  then  a  =  b  and  log  (b  -  x)/(a  -  x)  will 
always  be  zero,  and  two  separate  slopes  will  not  be  obtained.  This 
condition  is  rarely  attained,  since  an  excess  of  reagent  is  generally  used. 


The  data  in  Table  1  indicate  the  applicability  of  the  method  for  the 
determination  of  primary  alcohols  in  the  presence  of  secondary  alcohols. 
The  results  in  Table  2  show  that  it  is  possible  to  determine  an  alcohol  in 


Table  2.  Mixtures  of  Homologous  Alcohols 

More  Less  %  More  Reactive  Alcohol 


Reactive  Reactive 


Alcohol 


Alcohol  Present  Found 


1 -Propanol  1-Octanol 
1-Butanol  1-Pentanol 
1-Pentanol  1-Heptanol 


5.00 

29.7 

24.6 


4.99 

30.1 

24.4 
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the  presence  of  its  next  higher  homolog  as  well  as  in  the  presence  o 
further  separated  in  the  series.  This  is  illustrated  by  the  results  or 
1-butanol  in  the  presence  of  1-pentanol.  Table  3  contains  data  for 
polyhydric  alcohols  containing  both  primary  and  secondary  hydroxy 
groups.  All  the  reactions  were  followed  for  about  300  minutes. 


Table  3.  Polyhydric  Alcohols  Containing  Both 
Primary  and  Secondary  Hydroxyl  Groups 


%  Primary  Alcohol 


Alcohol 

Present 

Found 

1,2-Propanediol 

50.0 

50.2 

1,3-Butanediol 

50.0 

50.5 

Glycerol 

66.7 

66.4 

The  reaction  between  isocyanates  and  alcohols  can  also  be  used  to 
analyze  mixtures  of  alcohols.  Results  for  mixtures  2  and  3  in  Table  1  were 
obtained  in  this  way.  Triethylenediamine  was  used  to  catalyze  the  reac¬ 
tion.  A  disadvantage  of  this  system  is  the  difficulty  introduced  by  the 
presence  of  water  in  the  reaction  mixture.  It  was  necessary  to  run  a  rate 
study  on  a  blank  along  with  the  sample,  to  correct  for  any  water  in  the 
reagents  and  solvents.  The  reaction  with  water  appears  to  have  a  measur¬ 
able  rate.  The  sample  must  also  be  dry. 

The  presence  of  water  when  acetic  anhydride  is  used  will  cause  some  of 
the  anhydride  to  be  consumed,  changing  its  concentration  in  the  mix¬ 
ture;  but  this  reaction  with  small  amounts  of  water  (less  than  1%  of  the 
sample)  is  rapid  and  has  substantially  no  effect  on  the  shape  of  the 
reaction  plot,  thus  none  on  the  final  result.  Large  quantities  of  water, 
however,  will  destroy  sufficient  anhydride  to  affect  the  esterification  of  the 
alcohol. 

If  more  than  about  70%  of  the  more  reactive  alcohol  is  present  in  the 
mixture,  difficulty  is  experienced  in  plotting.  As  the  reaction  approaches 
completion,  the  upper  portion  of  the  reaction  rate  plot  levels  out  and 
becomes  unreliable.  Then  enough  reliable  points  cannot  be  obtained  to 
make  a  linear  plot  for  the  less  reactive  component.  This  difficulty  is 
illustrated  by  results  for  mixture  6  in  Table  1.  To  overcome  this,  a  known 
amount  of  the  less  reactive  alcohol  can  be  added  to  the  mixture  and  the 
final  result  corrected  for  the  amount  added. 

To  determine  small  amounts  of  the  more  reactive  alcohol  in  a  mixture, 
it  was  found  expedient  to  use  a  larger  sample  and  to  have  the  alcohol  in 
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excess  of  the  anhydride.  The  result  for  mixture  1  in  Table  1  was  obtained 
in  this  manner.  The  molar  ratio  of  alcohol  to  anhydride  was  5:1. 

The  method  is  generally  limited  to  mixtures  of  two  alcohols.  However 
when  the  reaction  rate  plot  was  made  for  a  mixture  of  ethylene  glycol, 
diethylene  glycol,  and  triethylene  glycol,  three  separate  linear  parts  of  the 
curve  were  noted.  Calculation  for  the  composition  of  the  mixture  showed 
18.9%  found  versus  19.3%  ethylene  glycol  present,  33.2%  found  versus 
33.1%  diethylene  glycol  present,  and  47.9%  found  by  difference  versus 
47.6%  triethylene  glycol  present. 

An  attempt  was  made  to  analyze  mixtures  of  amines  and  mixtures  of 
phenols  in  the  same  manner.  In  both  cases,  however,  the  reactions  with 
acetic  anhydride  were  too  rapid  for  the  rate  to  be  measured.  Phthalic 
anhydride  was  substituted  for  acetic  anhydride,  but  again,  the  amine 
reaction  was  too  rapid.  No  reaction  between  phthalic  anhydride  and 
phenol  was  detected,  even  at  elevated  temperature. 


ANALYSIS  OF  MIXTURES  OF  ALDEHYDES  AND  KETONES 


Chemical  methods  are  available  for  the  determination  of  aldehydes  in 
the  presence  of  ketones  and  for  specific  carbonyl  compounds  in  a  mixture. 
However  none  of  these  are  general  for  the  determination  of  one  carbonyl 
compound  in  the  presence  of  another.  A  mixture  of  an  aldehyde  and  a 
ketone  can  be  analyzed  by  first  determining  the  total  carbonyl  present, 
using  a  hydroxylamine  hydrochloride  method  (5),  then  determining  the 
aldehyde  alone,  using  a  bisulfite  (6)  or  an  argentimetric  method  (7,  8)  (see 
pp  95-107,  115-37).  The  amount  of  ketone  is  obtained  by  difference, 
Dimedone  and  cyanide  (9)  have  been  used  to  analyze  mixtures  of 
formaldehyde  and  propionaldehyde.  Deniges  (10)  used  a  modified  Schiff 
reagent  for  the  detection  of  formaldehyde  in  the  presence  of  higher 
aldehydes.  This  has  been  used  along  with  the  standard  Schiff  reagent  to 
analyze  mixtures  of  formaldehyde  and  2-furaldehyde,  and  formaldehyde 
and  acetone  (11).  Chromotropic  acid  has  been  used  also  to  determine 

formaldehyde  in  the  presence  of  higher  aldehydes  (12). 

Methods  based  on  rates  of  reaction  have  been  proposed.  Ionescu  an 


5  W  M  D.  Bryant  and  D.  M.  Smith,  J.  Am.  Chem.  Soc.,  57,  57  61  (1935). 

6!  S  Siggia  and  W.  Maxcy,  Ind.  Eng.  Chem.,  Anal.  Ed.,  19, 1023  (1947)  (see  pp.  104-107), 

7  ^Mitchell  Jr.  and  D.  M.  Smith,  Anal.  Chem,  22,  746-50  (1950)- 
■  S.  “ £  and  E.  Sega,,  Ana,.  Chen,..  25.  640  (19 53)  ^ ^  book). 

9,  G.  Hoepe  and  W.  D.  Treadwell,  Helv.  Chim.  Ada.  25,  353-61  (1942). 

10.  G.  Deniges,  Compl.  Rend..  150,  529-31  O^O).  . 

11  R  I.  Veksler,  Zhr.  Anal.  Khim..  4,  14-20  (1949),  5,  32  f  <  )_ 

12.  C.  E.  Bricker  and  H.  R.  Johnson,  Ind.  Eng.  Chem.,  Ana,.  Ed.,  17,  40(1-2  (1945). 
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Slusanchi  (13)  were  able  to  differentiate  between  formaldehyde  and 
acetaldehyde  by  the  rates  of  precipitation  of  the  solid  derivatives  wffh 
dimedone.  Lee  and  Kolthoff  (1)  have  given  a  procedure  based  on  the 
difference  in  reaction  rates  for  the  analysis  of  mixtures  of  two  organic 
compounds  that  contain  the  same  functional  group.  Calibration  curves 
relate  the  concentration  at  a  chosen  time  with  the  original  concentration 
Analysis  of  mixtures  of  aldehydes  based  on  the  rate  of  decomposition  ot 
the  bisulfite  addition  compound  was  mentioned,  but  no  data  were  given. 
Methods  based  on  the  competing  rates  of  oxime  formation  have  been 
proposed  (14,  15).  These  methods  also  use  calibration  curves  to  relate  the 
amount  of  reaction  after  a  period  of  time  to  the  original  concentration. 
The  methods  are  limited  to  the  determination  of  aromatic  aldehydes  in 
the  presence  of  aromatic  ketones,  where  the  difference  in  the  reaction 
rates  is  large  and  the  oximation  of  the  aldehyde  is  complete  when  a  very 

small  amount  of  the  ketone  has  reacted. 

The  method  proposed  here  also  makes  use  of  the  different  rates  of 
reaction  of  carbonyl  compounds  with  hydroxylamine  hydrochloride. 
However  with  this  method,  mixtures  of  carbonyl  compounds  can  be 
analyzed  when  the  reaction  rates  are  much  closer  than  those  of  aromatic 
aldehydes  and  aromatic  ketones.  This  method  will  resolve  not  only  the 
aliphatic  aldehydes  and  ketones,  but  also  mixtures  of  two  aldehydes  and 
mixtures  of  two  ketones. 

The  mixture  is  reacted  with  hydroxylamine  hydrochloride,  and  the 
amount  of  reaction  is  determined  at  successive  time  intervals.  A  second- 
order  reaction  rate  plot  is  made.  If  the  carbonyls  present  react  at  different 
rates,  the  plot  will  show  two  straight-line  portions.  The  contribution  of 
the  slower  reacting  component  is  separated  from  the  slope  of  the  more 
reactive  component  by  extrapolation,  and  the  more  reactive  component  is 
then  measured. 


REAGENTS  AND  APPARATUS 

The  methanol  used  as  the  solvent  was  reagent  grade,  acetone-free  material. 
The  purities  of  the  aldehydes  and  ketones  used  were  determined  by  established 
methods  (7,  16)  and  the  synthetic  mixtures  prepared  based  on  these  analyses. 

A  Beckman  Model  H  pH  meter  equipped  with  a  glass  and  calomel  electrode 
system  was  used  for  the  pH  measurements. 

13.  M.  V.  Ionescu  and  H.  Slusanchi,  Bull.  Soc.  Chim.  Fr„  53  (4),  909-18  (1933). 

14.  L.  Fowler,  Anal.  Chem .,  27,  1686-8  (1955). 

15.  L.  Fowler,  H.  R.  Kline,  and  R.  S.  Mitchell,  Ibid.,  27,  1688-90  (1955). 

16.  L.  P.  Hammett,  Physical  Organic  Chemistry,  McGraw-Hill,  New  York,  1940 
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PROCEDURE 

Weigh  the  sample  containing  0.004  mole  of  carbonyl  and  dilute  it  to 
100ml  with  a  4:1  methanol-water  solution.  To  an  800-ml  beaker,  add 
480ml  of  4:1  methanol-water  solution.  Pipet  a  10-ml  portion  of  0.1N 
hydroxylamine  hydrochloride  in  4:1  methanol-water  into  the  solution. 
Place  the  beaker  in  an  ice  bath  and  lower  the  temperature  to  4°C,  using 
mechanical  agitation.  For  aromatic  ketones,  allow  the  reaction  to  proceed 
at  room  temperature.  Place  the  glass  and  calomel  electrodes  of  a  pH 
meter  in  the  solution  and  adjust  the  pH  of  the  solution  to  3.5.  Pipet  a 
10-ml  aliquot  of  the  sample  into  the  solution  and  note  the  time.  Maintain 
the  pH  of  the  solution  at  3.5  ±0.02,  using  standardized  0.02N  sodium 
hydroxide  solution.  Note  the  milliliters  of  sodium  hydroxide  solution 
added  at  5-minute  intervals. 

The  concentration  of  carbonyl  remaining  and  the  concentration  of 
hydroxylamine  hydrochloride  remaining  after  time  t  are  calculated.  In  the 
second-order  rate  equation,  the  original  quantities  of  carbonyl  compound 
can  be  represented  as  a  and  the  hydroxylamine  reagent  as  b.  The  amount 
of  each  reacted  after  time  t  is  represented  as  x.  Then  log  (b  -  x)/(a  -  x)  is 
plotted  against  t.  If  a  mixture  of  two  carbonyl  compounds  is  indicated, 
straight  lines  are  drawn,  representing  the  two  slopes.  The  extrapolation 
procedure  for  the  determination  of  the  more  reactive  carbonyl  compound 
is  illustrated  in  Fig.  25.2.  This  plot  is  the  second-order  reaction  curve  for 

the  mixture  of  2-butanone  and  3-pentanone. 

The  concentration  of  the  more  reactive  carbonyl  compound  is  then 
obtained  by  an  operation  similar  to  those  described  for  alcohols.  The  total 
carbonyl  content  of  the  mixture  is  determined  by  a  regular  oximation 
procedure  (5).*  The  difference  is  then  a  measure  of  the  less  reactive 

component  of  the  mixture. 


DISCUSSION  AND  RESULTS 

The  reaction  of  carbonyl  compounds  with  hydroxylamine  to  form  the 
oxime  is  second-order  (16,  17).  Separate  and  distinct  linear  plots  were 
obtained  for  each  component  in  the  mixtures  when  the  second-order 
reaction  rate  plots  were  made.  No  mixture  of  carbonyls  was  encountered 
for  which  the  rates  of  reaction  were  not  different  enough  for  this  method 

to  be  used. 

*  See  also  dd  95-100  of  this  text  for  other  oximation  methods. 

17  O  H.  Stempel  and  G.  S.  Shaffel,  7.  Am.  CHem.  So c.  66,  .158  (1944). 
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Fig.  25.2.  Reaction  rate  curve  for  mixture  of  2- 
butanone  and  3-pentanone. 


The  concentration  of  either  the  carbonyl  or  the  hydroxylamine  hydro¬ 
chloride  can  be  varied  to  speed  up  or  slow  down  the  reaction.  In  no  case, 
however,  should  the  concentrations  chosen  be  equal,  because  then  a  =  b 
and  log  (b  —  x)/(a  —  x)  will  always  be  zero,  and  two  separate  slopes  will 
not  be  obtained. 

The  procedure  has  been  applied  to  mixtures  of  aldehydes,  mixtures  of 
ketones,  and  mixtures  of  aldehydes  and  ketones.  Table  4  shows  that  it  is 
possible  to  determine  an  aldehyde  or  a  ketone  in  the  presence  of  its  next 

higher  homolog,  as  well  as  in  the  presence  of  one  further  separated  in  the 
series. 

Except  in  the  case  of  the  aromatic  ketones,  the  reaction  was  run  at  0  to 
5  C.  At  higher  temperatures,  the  reaction  proceeds  too  rapidly  to  be 
practical.  For  aldehydes  and  aliphatic  ketones,  the  determination  takes 
less  than  an  hour.  The  aromatic  ketones  were  reacted  at  room  tempera¬ 
ture  and  required  approximately  90  minutes  for  the  determination. 
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Table  4.  Analytical  Results 

M  ivtnrp 

%  A 

Present 

Found 

1.  A.  Formaldehyde 

B.  Acetaldehyde 

13.9 

14.7 

2.  A.  Acetaldehyde 

B.  Acetone 

24.7 

24.7 

3.  A.  Acetone 

B.  2-Butanone 

7.84 

7.80 

4.  A.  Propionaldehyde 

B.  Acetone 

11.8 

11.7 

5.  A.  2-Butanone 

17.4 

17.0 

B.  3-Pentanone 

17.4 

17.6 

6.  A.  Crotonaldehyde 

B.  3-Pentanone 

7.5 

7.5 

7.  A.  2-Pentanone 

B.  3-Pentanone 

18.2 

17.9 

8.  A.  Cyclopentanone 

B.  3-Pentanone 

7.37 

7.36 

9.  A.  Cyclohexanone 

B.  Cyclopentanone 

65.8 

65.4 

10.  A.  Crotonaldehyde 

B.  Hexaldehyde 

18.0 

17.4 

11.  A.  Hexaldehyde 

B.  3-Pentanone 

15.6 

15.6 

12.  A.  Cyclohexanone 

B.  2-Butanone 

84.5 

86.1 

13.  A.  Benzaldehyde 

B.  Salicylaldehyde 

28.3 

28.0 

14.  A.  Acetophenone 

B.  Benzophenone 

8.4 

8.0 
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Cyclopentanone  reacted  more  rapidly  than  S-pentanone.  and  cyclohex- 
anone  more  rapidly  than  cyclopentanone.  For  the  other 
aldehydes  and  mixtures  of  ketones  tested,  the  carbonyl  of  lower  molecu¬ 
lar  weight  reacted  more  rapidly.  For  mixtures  of  aldehydes  and  ketones, 

the  aldehydes  reacted  more  rapidly.  . 

Acidic  or  basic  impurities  in  the  sample  interfere  and  should  be 

neutralized  before  the  determination  is  made. 


Determination  of  Mixtures  of  Amines  Using  Differential 
Reaction  Rates 


Method  of  J.  G.  Hanna  and  S.  Siggia 

[Anal.  Chem .,  34,  547-9  (1962)] 

Amine  mixtures  can  be  resolved  much  in  the  same  manner  as  were  the 
alcohols  and  carbonyl  compounds.  For  amines,  the  reaction  of  the  amines 
with  phenyl  isothiocyanate  was  used.  This  compound  reacts  with  primary 
and  secondary  amines  as  follows: 

S 

II 

c6h5n==c=s  +  h2nr-+c6h5nhcnhr 

s 

C6H5N=C==S  +  HN(R)2->C6H5NHCN(R)2 

Hence  the  rate  approach  can  distinguish  primary  and  secondary  amines; 
tertiary  amines  are  also  determinable,  since  they  do  not  react  with  the 
isothiocyanate.  The  tertiary  amines  can  thus  be  determined  by  difference, 
or  they  can  be  determined  on  the  reaction  mixture  after  the  reaction  with 
isocyanate  has  proceeded  to  completion. 

The  reaction  is  followed  by  titrating  the  residual  unreacted  amine  at 
each  time  interval.  Secondary  amines  generally  reacted  more  rapidly  than 
the  corresponding  primary  amine.  Tertiary  amines  do  not  react  at  all  with 
the  isothiocyanate  and  are  left  intact  at  the  end  of  the  reaction.  In 
addition,  aromatic  amines  reacted  before  aliphatic  amines. 

Tables  5  and  6  indicate  analyses  on  known  mixtures  of  amines.  These 
samples  included  mixtures  of  primary  and  secondary  amines;  mixtures  of 
primary,  secondary,  and  tertiary  amines;  mixtures  of  two  primary  amines; 
and  mixtures  of  two  secondary  amines.  A  diamine  was  also  run,  indicating 
that  the  individual  amino  groups  on  the  same  molecule  can  be  resolved. 
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Table  5.  Amine  Mixtures 


Mixture 


Present 

Found 

1.  A.  di-«-Butylamine 

80.8 

80.1 

B.  /7-Butylamine 

43.1 

42.7 

2.  A.  di-rt-Butylaminfe 

22.9 

23.1 

B.  di-A/-Hexylamine 

3.  A.  tt-Hexylamine 

B.  /t-Heptylamine 

4.6 

4.3 

4.  A.  Aniline 

B.  di-/?-Hexylamine 

25.0 

24.7 

5.  A.  Aniline 

B.  2-Naphthylamine 

10.7 

10.7 

6.  A.  /?-Toluidine 

B.  Aniline 

14.7 

14.7 

7.  A.  Aniline 

B.  w-Phenylenediaminea 

10.2 

11.0 

8.  A.  w-Phenylenediaminea 

50.0 

49.0 

a  The  two  amino  groups  in  m 

-phenylenediamine  re- 

acted  at  different  rates.  The  faster  group  reacted  at 

the  same  rate  as  the  amino  group  in  aniline. 

Table  6.  Mixture  of  Primary, 

Secondary, 

and  Tertiary 

Amines 

°/ 

Present 

Found 

1.  A.  A7-Butylamine 

7.2 

7.3 

B.  di-/2-Butylamine 

23.8 

23.8 

C.  tri-/7-Butylamine 

69.0 

68.7 

2.  A.  Aniline 

48.4 

47.8 

B.  «-Propyl  aniline 

35.1 

35.1 

C.  di-fl- Propyl  aniline 

16.5 

17.1 
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The  reaction  between  the  amine  mixture  and  the  .soth.ocyanate  is 
carried  out  in  an  acidified  medium,  to  slow  the  reaction  sufficiently 
make  possible  the  rate  study.  Isocyanates  were  tried  as  a  reagent,  but 
these  reacted  too  rapidly  for  the  rate  approach  to  be  applied. 


REAGENTS  AND  APPARATUS 

The  purities  of  the  amines  were  determined  by  titration  with  standard  acid  and 
the  synthetic  mixtures  prepared  based  on  these  analyses. 

The  dioxane  was  dried  by  distillation  from  dispersed  sodium. 

A  Beckman  Model  H  pH  meter  equipped  with  a  glass  and  calomel  electrode 
system  was  used  for  the  potentiometric  titrations. 

Phenyl  isothiocyanate,  Eastman  White  Label. 


PROCEDURE 

Transfer  a  sample  containing  0.025  equivalent  of  amine  to  a  250-ml 
volumetric  flask  with  dioxane.  Add  acetic  acid:  30  to  40  ml  for  aromatic 
amines,  and  15  to  25  ml  for  alkyl  amines.  Add  0.1  mole  of  phenyl 
isothiocyanate,  rapidly  dilute  the  mixture  to  volume  using  dioxane,  and 
note  the  time.  At  intervals,  pipet  20-ml  aliquots  into  beakers  containing 
50  ml  of  acetic  acid  to  stop  the  reaction,  and  note  the  time  again.  Titrate 
each  potentiometrically  with  0.1N  perchloric  acid  in  acetic  acid  (see  Fig. 
25.3). 


t,  min. 

Fig.  25.3.  Reaction  rate  curve  for  mixture  of  di-n- 
butylamine  and  di-n-hexylamine. 
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The  analyses  are  calculated  as  shown  above  for  alcohols  and  carbonyl 
compounds. 


Determination  of  Mixtures  of  Unsaturated  Compounds 


Method  of  S.  Siggia,  J.  G.  Hanna,  and  N.  M.  Serencha 


[Anal.  Chem.,  35,  362  (1963)] 


Rates  of  addition  to  olefinic  bonds  have  been  used  in  special  cases  for 
the  analysis  of  mixtures  of  unsaturated  compounds.  The  rates  of  reaction 
of  perbenzoic  acid  with  olefinic  double  bonds  have  been  used  as  a  basis  of 
analysis  (1,  18).  The  amount  of  reaction  is  measured  after  a  specified 
time,  and  this  is  related  to  the  original  concentration  by  reference  to  a 
calibration  curve  prepared  from  the  analysis  of  known  mixtures  under  the 
same  conditions.  A  procedure  has  been  described  for  the  determination 
of  internal  and  external  double  bonds  in  polymers  which  also  uses  the 
rates  of  reaction  with  perbenzoic  acid  (19).  The  composition  of  the 
original  mixture  is  obtained  by  extrapolation  to  zero  time  of  the  flat 
portion  of  the  curve  obtained  by  a  plot  of  percentage  reacted  versus  time. 
Mixtures  of  ethyl  elaidinate  and  ethyl  oleate  have  been  analyzed,  using 
the  difference  in  rates  of  addition  of  mercuric  acetate  (20).  Again, 
reference  to  a  calibration  curve  relates  the  amount  of  reaction  at  a 
specified  time  to  the  concentrations  of  compounds  in  the  original  mixture. 
The  separation  of  the  amount  of  substitution  obtained  while  adding 
bromine  to  unsubstituted  linkages  can  be  measured,  based  on  differences 
in  rates  of  bromine  consumption  (21).  Several  additional  determinations 
are  made  at  increased  reaction  times  in  excess  of  that  necessary  for 
complete  saturation  of  the  double  bonds.  The  results  are  plotted  against 
time  and  extrapolated  to  zero  time  to  obtain  the  correct  value  for  the 
addition  reaction.  It  is  sometimes  possible  to  determine  one  component  in 
a  mixture  by  a  selective  hydrogenation  under  such  conditions  that  the 
desired  reaction  is  obtained  without  the  hydrogenation  of  other  groups. 

The  rate  approach  previously  described  for  hydroxyl,  carbonyl,  and 
amine  compounds  (pp.  826-40),  when  applied  to  the  analysis  of  mixtures 


18.  I.  M.  Kolthoff,  T.  S.  Lee,  and  M.  A.  Mairs,  J.  Polym.  Set.,  2,  199  (1947). 

19  A  Saffer  and  B.  L.  Johnson,  Ind.  Eng.  Chem.,  40,  538  (1948). 

2d  T.' Connor  and  G.  P.  Wright,  J.  Am.  Chem.  Soc.,  68,  256  (1946 K 

21.  A.  Polgar  and  J.  L.  Jungnickel,  in  Organic  Analysis,  Vol.  Ill,  J.  Mitchell,  Jr.,  Ed., 

Wiley-Interscience,  New  York,  1956,  p.  237. 
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reaction  can  be  considered  pseudo  first  order.  The  standard  first-order 
rate  plot  then  gives  linear  portions  for  each  unsaturated  compound 


present. 


BROMINATION  PROCEDURE 

A  solution  containing  0.00125  equivalent  per  liter  of  sample  in  the 
appropriate  solvent  (Table  7)  is  rapidly  mixed  with  an  equal  volume  of  a 
solution  containing  0.0025  equivalent  of  bromine  per  liter  in  a  colorime¬ 
ter  cell  and  the  time  noted.  A  Bausch  &  Lomb  Spectronic  20  colorimeter 
was  used  in  this  work.  At  successive  time  intervals,  the  absorbance  is  read 
at  400  nm.  The  concentration  of  bromine  at  these  time  intervals  is  read 
from  a  previously  prepared  calibration  curve  relating  absorbance  to 
concentration  of  bromine. 

Log  (b  -  x)/(a-  x)  is  plotted  against  t,  where  x  is  the  decrease  in 
concentration  of  reactant  in  time  t,  and  a  and  b  are  the  initial  concentra¬ 
tions  of  unsaturation  and  bromine,  respectively.  If  a  mixture  of  two 
unsaturated  compounds  is  indicated,  straight  lines  are  drawn  representing 
the  two  slopes.  The  concentration  of  the  more  reactive  component  is  then 


Table  7.  Relative  Rates  of  Bromination  in  Different  Solvents 


Unsaturated  Compound 


Solvent 


Methyl  Allyl  Methyl  Butyne- 

Butynol  Esters  Hexynol  Diol  Oleates 


Water 
Methanol 
Acetic  Acid 
Carbon  Tetra- 


Satisfactory  Fast 
Slow  Satis 

Slow  Slow 


Satisfactory 

Slow 


Satisfactory 

Satisfactory  Slow  Fast 


chloride 


Slow 


Slow 


Slow 


Satisfactory 
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obtained  by  an  operation  similar  to  that  previously  described  (pp.  828- 
30).  The  total  unsaturation  is  determined  by  allowing  the  reaction  to 
proceed  until  no  more  bromine  is  consumed. 

HYDROGENATION  PROCEDURE 

The  hydrogenation  apparatus  and  procedure  used  were  those  of 
Clauson-Kaas  and  Limborg  (22)  described  on  pp.  402-6.  Ethanol  is  used  as 
the  solvent.  The  sample  size  is  about  0.0002  equivalent.  Platinum  oxide 
catalyst  (2-4  mg)  is  hydrogenated,  and  the  pressure  in  the  system  equilib¬ 
rated.  A  platinum  beaker  containing  the  solid  sample  is  dropped  into  the 
solvent  and  the  time  noted.  If  the  sample  is  liquid,  it  is  contained  in  a  sealed 
glass  capillary  tube,  which  is  broken  and  dropped  into  the  solvent.  The 
pressure  in  the  hydrogenation  vessel  is  maintained  equal  to  that  in  the 
compensating  vessel  by  the  addition  of  mercury  from  a  buret  to  the 
hydrogenation  vessel.  The  amount  of  mercury  added,  therefore  the  amount 
of  hydrogen  consumed,  is  read  at  successive  time  intervals. 

Because  the  concentration  of  hydrogen  is  large  compared  to  that  of  the 
sample,  the  reaction  is  treated  as  pseudo-first  order.  The  integrated  form 
of  a  first-order  reaction  expression  is 

kt  =  2.303  log  - — — - 

( a-x ) 

where  a  is  the  original  concentration  of  unsaturation  and  x  is  the 
concentration  reacting  in  time  t.  A  plot  of  log  (a  —  x)  against  t  results  in  a 
straight  line  having  a  slope  of  -(/c/2.303).  For  two  unsaturated  bonds 
reacting  at  different  rates,  two  slopes  are  obtained.  If  the  second  slope  is 
extrapolated  to  zero  time,  then  at  the  point  of  intersection,  y ,x  =  al,  the 
concentration  of  the  faster  reacting  component  and 

log  (a  -  ar)  =  y. 

This  equation  can  be  solved  for  a„  since  a  is  known  from  the  total 
hydrogenation  value,  and  y  is  read  at  the  intercept. 


DISCUSSION  AND  RESULTS 

Better  plots  of  log  (b-x)l(a-x)  versus  t  for  brominations  and  log(«- 
x)  versus  t  for  hydrogenations  are  obtained  by  first  plotting  x  versus  t, 

22.  N.  Clauson-Kaas  and  F.  Limborg,  Ada  Chem.  Scand.,  1,  884  (1947);  see  pp.  402-6, 
this  book. 
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usine  the  experimental  data.  A  smooth  curve  is  drawn,  and  points  taken 
from  this  curve  are  used  to  construct  the  final  plot.  Th.s  procedure 
averages  the  errors  in  the  experimental  data  and  prov.des  a  large  number 
of  pofnts  to  clearly  define  the  straight-line  portions  of  the  final  reaction 

In  the  use  of  the  bromination  procedure,  the  main  limiting  factor  was 
the  ability  to  adjust  the  conditions  in  order  to  control  the  reaction  at  a 
practical  rate.  Proper  choice  of  solvent  was  the  primary  means  used  to 
control  the  speed  of  reaction.  Some  relative  rates  of  reaction  in  different 
solvents  are  indicated  in  Table  7.  The  relative  rates  in  different  solvents 
are  in  the  order 

water  >  methanol  >  acetic  acid  >  carbon  tetrachloride 


The  use  of  the  second-order  rate  equation  was  justified  because  straight 
lines  were  obtained  when  a  plot  was  made  of  the  bromination  of  com¬ 
pounds  containing  a  single  double  bond. 

The  data  in  Table  8  indicate  the  applicability  of  the  bromination 


Table  8.  Bromination  of  Mixtures  of  Unsaturated  Compounds 

Per  Cent  A 

Mixture  Solvent  - 


Found  Present 


A.  Maleic  acida 

B.  Fumaric  acida 

Water 

50.5 

49.6 

A.  Methyl  oleate 

B.  Ethyl  oleate 

Carbon  tetrachloride 

22.9 

22.6 

A.  Methyl  oleate 

B.  Butyl  oleate 

Carbon  tetrachloride 

8.4 

8.8 

A.  5-Methyl-l-hexyne 

B.  2-Butyne-l,4-diol 

Acetic  acid-water 

23.80 

23.6 

a  Sodium  salts. 

b  The  methyl  hexyne  was  brominated  totally  faster  than  the  butynediol. 


procedure  to  mixtures  of  unsaturated  compounds.  Compounds  containing 
triple  bonds  or  two  double  bonds  consumed  one-half  the  total  bromine  at 
a  faster  rate  than  the  second  half,  as  is  indicated  by  the  data  in  Table  9. 
Figure  25.4  is  a  plot  of  the  second-order  reaction  curve  for  the  mixture  of 
methyl  hexyne  and  butynediol  listed  in  Table  8.  The  solvent  used  in  this 
case  was  a  1 : 1  mixture  of  acetic  acid  and  water.  In  this  system  the  triple 
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Table  9.  Bromination  of  Compounds  Containing  Triple  Bonds  or 

Two  Double  Bonds 

Per  Cent  Bromine 


Compound 

Solvent 

Added  at  Faster 

1.  2-Butyne-l,4-diol 

Water 

49,  50 

2.  2-Methyl-3-butyne-2-ol  Water 

50,  51 

3.  5-Methyl-l-hexyne 

Acetic  acid 

49 

4.  Sorbic  acid 

Acetic  acid 

51 

bond  of  methyl  hexyne  was  completely  saturated  more  rapidly  than  the 
first  mole  of  bromine  was  added  to  the  triple  bond  of  butynediol  (see 
Table  7).  A  close  inspection  of  the  first  slope  of  the  curve  shows  a 
suggestion  of  two  slopes  due  to  the  triple  bond  of  methyl  hexyne.  But  the 
resolution  of  these  two  slopes  is  not  definite  enough  to  be  used  as  a  basis 
for  differentiation  of  the  components  of  the  mixture. 

Maleic  and  fumaric  acids  brominated  too  slowly  for  practical  purposes, 
but  their  sodium  salts  reacted  fast  enough  for  the  procedure  to  be 
applied. 


Fig.  25.4.  Reaction  rate  curve  for  the  bromination  of  a  mix 
ture  of  5 -methyl- 1 -hexyne  and  2-butyne-l,4-diol. 
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■  This  difference  in  rate  has  been  observed  prev.ously  (23).  No s®t.lsfac  V 
system  was  found  for  methyl  hexynol  (too  slow),  p-mentha-1, 5-diene  (too 
slow),  and  ally!  alcohol  (too  fast).  Allyl  acetate,  ally!  formate  and  allyl 
propionate  each  gave  straight-line  plots  when  run  separately.  When 
mixtures  of  these  compounds  were  brominated,  definite  straight-line 
portions  were  not  obtained,  probably  because  of  ester  interchange.  It 
should  be  pointed  out  that  in  no  case  should  the  concentrations  ot 
bromine  and  unsaturation  be  chosen  equal,  because  then  a  -  b  and 

log  (b-x)/(a-x)  will  always  be  zero. 

Plots  containing  a  single  straight  line  were  obtained  when  the  results  of 
the  hydrogenation  of  a  single  double  bond  were  treated  as  a  first-order 
process.  Compounds  containing  triple  bonds  or  two  double  bonds  con¬ 
sumed  one-half  the  total  hydrogen  at  a  faster  rate  than  the  second  half,  as 
indicated  in  Table  10.  The  data  in  Table  11  indicate  the  applicability  of 


Table  10.  Hydrogenation  of  Compounds  Containing  Triple 
Bonds  or  Multiple  Double  Bonds 


Compound 

Per  Cent  Hydrogen 
Added  at 
Faster  Rate 

1.  2-Butyne-l,4-diol 

51.3 

2.  5-Methyl-l-hexyne 

47.2 

3.  3-Methyl-l-hexyne-3-ol 

47.5 

4.  2-Methyl-3-butyne-2-ol 

49.2 

5.  2,5-Dimethyl-3-hexyne-2,5-diol 

50.7 

6.  3,6-Dimethyl-4-octyne-3,6-diol 

48.4 

7.  3-Methyl- l-pentyne-3-ol 

49.4 

8.  /;-Mentha-l  ,5-diene 

49.2,  49.5 

the  hydrogenation  procedure  to  mixtures  of  unsaturated  compounds. 
Figure  25.5  is  a  plot  of  the  first-order  reaction  curve  for  a  mixture  of 
methyl  and  ethyl  oleates,  as  listed  in  Table  11. 

Hydrogenation  of  mixtures  of  compounds  containing  triple  bonds  in 
most  cases  resulted  in  rate  plots  showing  three  or  more  flat  portions.  The 
relationship  between  each  flat  portion  of  the  curve  and  its  corresponding 
unsaturated  unit  must  be  established  before  a  calculation  of  the  composi¬ 
tion  of  the  mixture  can  be  made.  This  can  be  done  by  running  mixtures  of 
known  composition. 

23.  F.  E.  Critchfield,  Anal.  Chem .,  31,  1406  (1959). 
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Table  11.  Hydrogenation  of  Mixtures  of  Unsaturated  Com¬ 
pounds 


Mixture 


Per  Cent  A 


Found  Present 


1. 

2. 

3. 

4. 


5. 


6. 

7. 

8. 

9. 

10. 


A.  Crotonic  acid 

34.7 

34.5 

B.  Fumaric  acid 

27.1 

27.4 

A.  Sorbic  acid 

67.6 

70.1 

B.  Fumaric  acid 

A.  Sorbic  acid 

85.9 

85.7 

B.  Maleic  acid 

A.  Methyl  oleate 

53.1 

53.8 

B.  Ethyl  oleate 

12.9 

13.0 

32.4 

30.8 

A.  Methyl  oleate 

44.1 

44.9 

B.  /7-Butyl  oleate 

62.8 

61.3 

36.3 

36.4 

A.  2-Methyl-3-butyne-2-ol 

27.4 

27.1 

B.  3-Methyl- l-pentyne-3-ol 

A.  2-Methyl-3-butyne-2-ol 

52.2 

54.8 

B.  3-Methyl-l-hexyne-3-ol 

A.  3-Methyl-l-pentyne-3-ol 

36.3 

37.3 

B.  3-Methyl-l-hexyne-3-ol 

A.  2-Methyl-3-butyne-2-ol 

56.9 

56.7 

B.  2-Butene- l-ol 

A.  2-Methyl-3-butyne-2-ol 

39.6 

41.0 

B.  2-Butyne-l,4-diol 

79.5 

79.1 

The  hydrogenation  procedure  appears  to  be  more  general  than  the 
bromination  procedure.  Although  among  the  compounds  studied,  the 
necessity  for  a  variety  of  conditions  was  not  encountered,  it  is  conceivable 
that  in  some  situations  different  temperatures,  concentrations,  or  pres¬ 
sures  would  be  advantageous.  The  hydrogenation  method  is  more  adapta¬ 
ble  to  changes  in  these  conditions  than  is  the  bromination  procedure. 
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Fig.  25.5.  Reaction  rate  curve  for  the 
hydrogenation  of  a  mixture  of  methyl 
oleate  and  ethyl  oleate. 


Determination  of  Mixture  of  Diazonium  Compounds 


Method  of  S.  Siggia,  J.  G.  Hanna,  and  N.  M.  Serencha 

[Anal.  Chem.,  35,  575  (1963)] 

The  feasibility  of  the  differential  reaction  rate  technique  has  been 
demonstrated  previously  for  the  determination  of  components  in  mix¬ 
tures.  The  work  to  follow  shows  the  applicability  of  the  kinetic  approach 

to  the  analysis  of  mixtures  of  diazonium  compounds  by  following  their 
first-order  rates  of  decomposition. 
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PROCEDURE 

The  apparatus  and  procedure  have  been  described  (pp.  681-4).  The 
only  adaptation  made  is  to  perform  the  decomposition  at  a  constant 
temperature  (80-90°C),  using  an  electric  heating  mantle.  The  volume  of 
nitrogen  evolved  is  recorded  at  1-minute  intervals.  The  timing  of  the 
reaction  is  begun  when  the  sample  and  cuprous  chloride  solutions  are 
mixed  in  the  reaction  flask. 


RESULTS  AND  DISCUSSION 

The  decomposition  of  diazonium  compounds  in  the  presence  of  cup¬ 
rous  chloride  results  in  the  quantitative  evolution  of  nitrogen. 


The  decomposition  follows  a  first-order  rate  process.  The  integrated 
first-order  rate  expression  is 


a 


kt  =  2.303  log 


a  -  x 


and  a  plot  of  log(a-x)  versus  t  yields  a  straight  line  for  a  single 
compound.  For  mixtures  of  diazonium  compounds,  a  is  the  total 

determined  bv  allowing  the  reaction  to  go  to  comple- 


log(100-a1)  =  y 
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Table  12 


Mixture 

Components  and  Relative 
Rates  of  Decomposition 

Present 

Found 

i 

A  > 

B 

40.9  %A 

40.9  %  ^4 

2 

A  > 

B 

63.3%  A 

63.3%  ^ 

3 

A  > 

B 

11.7%  A 

12.3%  A 

4 

A  > 

C 

28.5  %A 

28.7% /I 

5 

A  > 

C 

57.7  %  A 

57.9%  /I 

6 

A  > 

C 

15.3%  A 

14.9%/l 

7 

B  > 

C 

38.3%  B 

38.8%  B 

8 

B  > 

C 

58.1%  B 

57.9%  B 

9 

B  > 

C 

12.7%  B 

13.1  %  B 

4 

A  >  B 

> 

C 

22.4%  A 

21.5% /I 

40.2%  B 

41 .8  %  B 

37.4%  C 

36.7%  C 

5 

A  >  B 

> 

c 

6.9%  A 

6.7  %  /I 

29.8%  B 

29.9%  B 

63.3%  C 

63.4%  C 

Compound  A  Sodium  /?-ethoxybenzenediazosulfonate 


c2h5o-< 


) — N2S03Na 


Compound  B 


/?-Amino-N-ethyl-2-hydroxyethylbenzenedi- 

azoniumchlorozincate 


Compound  C 


HOCoH 


2*  *4 


N — ( 


-N2ClJZnCl, 


CoH 


2*  *5 


2,5-Dibutoxy-4-morpholinobenzene- 

diazoniumchlorozincate 


/ 

O 

\ 


c4h9o 


\-7 


-N2Cl-JZnCU 


OC4H9 
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Fig.  25.6.  Reaction  rate  curve  for  mixture  1  of  Table  12. 


Determinations  of  Mixtures  of  Amides  and  Mixtures  of 
Nitriles 


Method  ot  J.  G.  Hanna,  S.  Siggia,  and  N.  M.  Serencha 

[Anal.  Chem.,  36,  227  (1964)] 

The  hydrolysis  of  amides  and  nitriles  follows  pseudo-first-order^kme^ 

tics.  The  reaction  is ^oll”^dloboyk^C^L  those  on  page  847  for 

c°mpounds’ and  the  caicula,ions  are 
identical  to  those  tor  the  hydrogenaf  -fable  14  shows  results  for 
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Table  13.  Mixtures  of  Amides 


Per  Cent  A 


Mixture 

Found 

Present 

A. 

Acetamide 

29.7 

29.2 

B. 

Benzamide 

51 A 

58.7 

A. 

B. 

Acrylamide 

Benzamide 

16.3 

16.3 

A. 

B. 

Propionamide 

Benzamide 

13.3 

14.3 

A. 

B. 

Butyramide 

Benzamide 

21.7 

22.8 

A. 

B. 

Acetamide 

Acrylamide 

60.0 

60.6 

A. 

B. 

Acetamide 

Propionamide 

54.5 

52.9 

Table  14.  Mixtures  of  Nitriles  and 
Mixtures  of  Amides  and  Nitriles 


Percent  A 


Mixture 

Found 

Present 

A. 

Butyronitrile 

22.4 

22.9 

B. 

Valeronitrile 

53.6 

54.2 

A. 

Butyronitrile 

21.3 

22.7 

B. 

Benzonitrile 

51.9 

51.0 

A. 

Valeronitrile 

27.2 

25.6 

B. 

Benzonitrile 

53.0 

53.4 

A. 

Butyronitrile 

24.7 

24.3 

B. 

Anisonitrile 

58.2 

51.9 

A. 

Benzonitrile 

28.0 

27.2 

B. 

Anisonitrile 

22.9 

22.4 

A. 

Acetamide 

24.5 

24.4 

B. 

Acetonitrile 

52.5 

52.0 

A. 

Butyramide 

75.0 

75.7 

30.5 

30.1 

B. 

Butyronitrile 

53.0,  55.5 

54.9 

A. 

Benzamide 

24.7 

26.1 

B. 

Benzonitrile 

52.5 

52.5 
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APPARATUS  AND  REAGENTS 

Kjeldahl  distillation  apparatus. 

Tetrahydrofuran  distilled  from  sodium. 

Boric  acid  solution,  4%. 

PROCEDURE 

A  sample  containing  0.0016  equivalent  of  amides  or  nitriles  is  placed  in 
the  distillation  flask  along  with  a  5 : 1  mixture  of  tetrahydrofuran-water 
for  amides  or  a  20:1  mixture  of  tetrahydrofuran-water  for  nitriles 
and  for  binary  mixtures  of  nitriles  and  amides.  Approximately  10  ml  of  50% 
sodium  hydroxide  is  added.  The  system  is  assembled  for  distillation  with  a 
nitrogen  sweep  of  about  2  bubbles  per  second.  The  reaction  mixture  is 
maintained  at  60°C  for  amides  or  7 0°C  for  nitriles.  The  distillate  is  collected  in 
boric  acid,  which  is  adjusted  at  the  start  to  pH  4.00,  using  a  pH  meter.  The  first 
indication  of  change  in  pH  of  the  boric  acid  solution  is  taken  as  zero  time.  The 
acid  solution  is  maintained  at  pH  4.00  by  adding  0.04N  hydrochloric  acid. 
The  amount  of  normal  acid  added  is  read  at  successive  time  intervals,  and  the 
equivalents  of  the  mixture  decomposed  at  these  intervals  are  calculated. 

CALCULATIONS 

The  composition  of  the  original  mixture  is  calculated  from  the  first- 
order  rate  plot  in  the  manner  shown  earlier  (pp.  842-3)  for  the  hydroge¬ 
nation  of  unsaturated  compounds. 


DETERMINATIONS  OF  MIXTURES  OF  ESTERS 
Method  of  T.  I.  Munnelly 

[Adapted  from  Anal.  Chem.,  40y  1495  (1968)] 

The  second-order  extrapolation  approach  was  used  tor  the  determina¬ 
tion  of  three-  to  five-component  mixtures  of  esters.  A  binary  temperature 
form  of  differential  analysis  described  presents  a  general  approach  for 
studying  mixtures  in  which  the  various  individual  reactions  may  be 
partitioned  conveniently  into  reasonable  time  periods. 


EXPERIMENTAL 


Saponification  of  the  samples  was  monitored  by  removal  of  suita  e 
aliquots'  these  aliquots  were  quenched  by  addition  of  a  known  excess  o 
standard  acid  and  titrated  with  standard  sodium  hydroxide  solution  with 
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phenolphthalein  ,s  ,he  i«Bcu»c. 

portions,  each  ,o  «  studied  at  one  of  .he  operaung  “"■P*”- 
tures  When  reactants  were  combined,  the  concentration  o 
acetates  were  on  the  order  of  0.001  to  0.002M.  For  phenyl  acetate  .t  was 
necessary  to  add  alcohol  in  a  preparative  step  for  dissolittion;  therefore  t 
mixtures  containing  phenyl  acetate  a  reaction  medium  composed  of  98  / 
water  and  2%  alcohol  was  established.  A  solution  ol  0.02 M  sodium 

hydroxide  was  the  titrant.  ,  Q 

Temperature  was  controlled  to  ±0.1°C  at  both  15.0  and  30.0  C  y 
Blue  M  Magic  Whirl  temperature  bath  with  an  Automatic  Dual  Microtol. 
The  latter  device  made  it  possible  to  switch  quickly  from  one  temperature 
level  to  the  other  preselected  setting. 


RESULTS  AND  DISCUSSION 

three— component  solutions.  Ten  acetate  mixtures  were  studied,  and 
each  was  examined  at  either  15  or  30°C.  When  the  experimental  data 
were  plotted,  as  illustrated  in  Fig.  25.7  for  a  mixture  comprised  of 


t,  min. 

Fig.  25.7.  Saponification  of  n -propyl,  isopropyl,  and  lert-butyl  acetate 
mixture. 
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Acetate" 


Table  15.  Three-Component  Ester  Analysis  at  30°C 

Component  A,  %  Component  B,  %  Component  C,  % 


Mixture" 

Found 

Present 

Found 

Present 

Found 

Present 

A. 

Methyl 

19.6 

20.0 

40.3 

39.8 

40.1 

40.2 

B. 

Isopropyl 

44.1 

43.4 

22.3 

21.7 

33.6 

34.9 

C. 

terf-Butyl 

A. 

Ethyl 

24.7 

25.1 

26.1 

25.0 

49.2 

49.9 

B. 

Isopropyl 

35.9 

35.7 

27.7 

28.6 

36.4 

35.7 

C. 

ferf-Butyl 

A. 

n-Propyl 

26.3 

27.8 

29.0 

27.8 

44.7 

44.4 

B. 

Isopropyl 

38.9 

39.2 

29.9 

29.4 

31.2 

31.4 

C. 

fert-Butyl 

A. 

Phenyl 

39.5 

40.1 

24.0 

23.9 

36.5 

36.0 

B. 

Isopropyl 

24.6 

23.8 

38.8 

40.6 

36.6 

35.6 

C. 

terr-Butyl 

A. 

2-Hydroxyethyl 

33.6 

33.0 

36.7 

38.3 

29.7 

28.7 

B. 

n-Butyl 

24.0 

22.3 

30.2 

33.2 

45.8 

44.5 

C. 

terf-Butyl 

a 

Relative  saponification  rates 

are  in  the  order  A>B>C. 

Table  16.  Three-Component  Ester  Analysis  at  15  C 

Acetate 

Component  A,  % 

Component  B,  % 

Component  C,  % 

Found 

Present 

Found 

Present 

Found 

Present 

Mixture" 

A. 

Phenyl 

22.3 

23.2 

34.9 

35.2 

42.8 

41.6 

B. 

2-Hydroxyethyl 

42.7 

42.1 

28.5 

31.0 

28.8 

26.9 

C. 

Isopropyl 

A. 

Phenyl 

32.7 

33.4 

35.0 

33.5 

32.3 

33.1 

B. 

2-Hydroxyethyl 

23.7 

25.0 

48.7 

48.4 

27.6 

26.6 

C. 

n-Propyl 

43.6 

A. 

Phenyl 

22.8 

23.1 

35.2 

33.3 

42.0 

B. 

2-Hydroxyethyl 

36.7 

37.4 

36.4 

36.3 

26.9 

26.3 

C. 

Ethyl 

A. 

2-Hydroxyethyl 

22.5 

24.1 

27.4 

26.4 

50.1 

49.5 

B. 

Ethyl 

35.2 

35.7 

26.3 

27.2 

38.5 

37.1 

C. 

Isopropyl 

A. 

B. 

Phenyl 

Methyl 

40.7 

42.4 

41.7 

43.5 

20.3 

33.7 

21.0 

33.7 

39.0 

23.9 

37.3 

22.8 

C. 

Isoamyl 

a  Relative  saponification  rates  are  in  the  order  A>B>C. 
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n-propyl,  isopropyl,  and  tert-butyl  acetate,  the  overall  curve  obtained 
consisted  of  three  straight  lines  of  varying  slope,  corresponding  to  the 
relative  reactivity  of  each  component.  Upon  graphical  extrapolation  o 
the  intermediate  line  to  zero  time,  the  determined  intercept  y  was 
equated  to  the  total  concentration  of  ester  M0  (evaluated  by  allowing  the 
rate  reaction  to  go  to  completion)  and  hydroxide  R0  by 


Evaluation  of  x  yielded  the  concentration  of  the  fastest  acting  compo¬ 
nent.  Similar  extrapolation  and  calculation  involving  the  final  line  gave 
the  total  concentration  of  the  constituents  A  and  B;  on  taking  differences, 
the  amount  of  the  intermediate  and  slowest  reacting  compounds  present 
was  determined.  Results  for  various  analyzed  mixtures  are  listed  in  Tables 
15  and  16. 


f w’k25'?'  Sapon,fication  of  2-hydroxyethyl,  ethyl,  isopropyl,  and 
ten -butyl  acetate  mixture. 
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Table  17.  Four-Component  Ester  Analysis 

Component  A,  %  Component  B,  %  Component  C,  %  Component  D,  % 
Acetate  -  -  -  - 


Mixture"  Found 

Present 

Found 

Present 

Found 

Present 

Found 

Present 

A. 

Methyl 

16.0 

17.3 

22.0 

22.5 

27.6 

27.7 

34.4 

32.5 

B. 

Isoamyl 

27.6 

29.7 

26.7 

26.5 

24.7 

23.5 

21.0 

20.3 

C. 

Isopropyl 

D. 

ferf-Butvl 

A. 

2-Hydroxyethyl 

29.2 

30.7 

32.2 

31.4 

19.0 

18.8 

19.6 

19.1 

B. 

Ethyl 

16.0 

17.6 

18.3 

18.6 

32.5 

31.9 

33.2 

31.9 

C. 

Isopropyl 

D. 

lerf-Butyl 

A. 

2-Hydroxyethyl 

29.9 

30.8 

21.8 

22.1 

15.5 

15.6 

32.8 

31.5 

B. 

n -Propyl 

18.1 

19.6 

22.5 

20.2 

18.6 

20.3 

40.8 

39.9 

C. 

Isopropyl 

D. 

terf-Butyl 

A. 

Phenyl 

37.8 

39.7 

20.6 

20.0 

22.7 

20.3 

18.9 

20.0 

B. 

Methyl 

16.5 

17.4 

32.8 

34.3 

32.7 

31.0 

18.0 

17.3 

C. 

n-Amyl 

D. 

Isopropyl 

A. 

Phenyl 

30.2 

28.4 

27.7 

28.6 

28.0 

28.5 

14.1 

14.5 

B. 

2-Hydroxyethyl 

15.8 

14.3 

29.8 

28.6 

25.1 

28.7 

29.3 

28.4 

C. 

Ethyl 

D. 

Isopropyl 

A. 

B. 

Phenyl 

Ethyl 

27.9 

17.0 

28.4 

16.6 

19.1 

34.3 

18.2 

32.6 

17.3 

21.4 

17.9 

22.9 

35.7 

27.3 

35.5 

27.9 

C.  Isopropyl 

D.  terf-Butyl 


a  Relative  saponification  rates  are  in  the  order  A>B>C>D 


Selection  of  the  temperature  level  to  be  used  for  each  mixture  was 
necessarily  prescribed  by  the  composition.  The  presence  of  the  reactivity 
extremes  for  these  esters,  phenyl-hydroxethyl  acetate  on  the  one  hand 
and  isopropyl- tert-butyl  acetate  on  the  other,  requires  measuring  temper¬ 
atures  of  15  and  30°C,  respectively,  for  effective  analysis.  One  mixture 
containing  both  phenyl  and  ten- butyl,  encompassing  a  reactivity  differen¬ 
tial  of  about  a  thousandfold,  was  analyzed  at  30°C.  By  working  at  this 
temperature,  no  data  are  collected  on  the  individual  reaction  undergone 
by  phenyl  acetate;  only  the  other  two  reactions  are  ot  measurable  lengt  , 

showing  up  in  s  two-linc  plot.  . 

four-component  solutions.  Introduction  of  another  component  into  a 

ternary  mixture,  such  as  2-hydroxye,hyl  acetate  to  a  mixture  o  ethyl, 
isopropyl  and  rerr-butyl  acetates,  creates  a  system  in  which  the  .  g 
reactivities  has  increased  noticeably.  This  mixture  could  be  analyzed 
i  |  ,  icoC  uut  would  require  an  extremely  long  time.  By 

™  " were  “p,ra,ed  imo  ~° 
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Stagece  of*  2  "h  y dro  xye  ^ ly  1  aTd  X^Tetate  upto  ^relatively  short  time  of 
quence  of  2-hydroxyetnyi  y  ure>  saponification  of  iso- 

30  minutes,  whereas  at  the  nigne  p  m  After 

no  ms  n  each  linear  senes  were  treated  by  a  leas, -squares  method  for 
determining  intercepts,  to  minimize  errors  in  correlating  data  from  two 
mns  As  previously  successive  concentration  values  were  determined  and 
differences  taken.  The  calculated  and  experimentally  determined  values 

five-component  solutions.  Extension  of  the  dual-temperature  method 
to  mixtures  of  five  esters,  again  of  sufficient  reactivity  differences,  resulted 
in  the  successful  separation  of  the  extremely  fas,  reacting  constituents 
from  the  slow  ones.  As  illustrated  in  Fig.  25.9  for  the  acetates  of  phenyl, 
2-hydroxyethyl,  n-propyl,  isopropyl,  and  terf-butyl  alcohols,  measure¬ 
ments  showed  adequate  reaction  monitoring  at  15°C  for  three  compo¬ 
nents  and  at  30°C  for  the  remaining  two. 


Fig.  25.9.  Saponification  of  phenyl,  2-hydroxyethyl,  n-propyl,  isop¬ 
ropyl,  and  terf-butyl  acetate  mixture. 
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Table  18  shows  the  results  obtained  for  five-component  mixtures 
calculated  in  an  analogous  manner  to  four-component  mixtures  but  with 
the  additional  numerical  extrapolation  carried  out.  Although  the  graphs 
show  a  total  of  six  linear  segments,  only  four  (the  more  comprehensive) 
are  actually  applied  to  the  composition  determination. 

Table  18.  Five-Component  Ester  Analysis 

Component  A,  %  Component  B,  %  Component  C,  %  Component  D,  %  Component  E,  % 

Acetate  - - -  - 

Mixture0  Found  Present  Found  Present  Found  Present  Found  Present  Found  Present 


A. 

Phenyl 

15.1 

14.2 

12.4 

14.3 

23.0 

21.5 

20.1 

21.4 

29.4 

28.6 

B. 

2-Hydroxyethyl 

26.1 

27.3 

13.9 

15.0 

16.9 

15.1 

14.7 

15.3 

28.4 

27.3 

C. 

n -Propyl 

D. 

isopropyl 

E. 

terf-Butyl 

A. 

Phenyl 

19.0 

18.5 

24.6 

26.1 

13.8 

15.5 

17.9 

16.9 

24.7 

23.0 

B. 

Methyl 

24.1 

22.8 

16.1 

15.0 

15.3 

16.7 

21.8 

24.3 

22.7 

21.2 

C. 

Isoamyl 

D. 

isopropyl 

E. 

terf-Butyl 

A. 

Phenyl 

21.6 

20.0 

17.1 

20.0 

21.8 

20.0 

18.9 

20.0 

20.6 

20.0 

B. 

2-Hydroxyethyl 

19.5 

21.4 

15.3 

14.3 

31.0 

28.6 

11.5 

14.2 

22.7 

21.5 

C. 

n-Butyl 

D. 

Isopropyl 

E. 

tert-Butyl 

A. 

B. 

Phenyl 

2-Hydroxyethyl 

14.9 

27.2 

14.3 

25.8 

14.7 

21.9 

17.2 

25.7 

21.2 

16.3 

19.9 

14.2 

21.9 

15.5 

22.9 

14.3 

27.3 

19.1 

25.7 

20.0 

C. 

Ethyl 

D. 

Isopropyl 

E. 

tert-  Butyl 

a  Relative  saponification  rates  are  in  the  order  A>B>C>D>E 


General  Discussion 

Reifiey  and  co-workers  have  devised  mathematical  approaches  to  the 
application  of  differential  reaction  rates  to  the  analysis  of  mixtures.  These 
approaches  attempt  to  circumvent  the  use  of  plots  as  done  by  Siggia i  an 
Hanna  in  the  work  described  in  the  remainder  of  this  chapter  Ahhoug 
these  mathematical  approaches  do  in  some  cases,  shorten  the  t™e  °f  a 
kinetic  analysis,  they  require  conditions  that  severely  hm.t  he  r  range 

limited  otherwise  to  two  experimenta  poin  s 
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e  i n t c  hn<ipd  on  his  confidence  in 

discretion  in  choosing  the  num  er  op.  ^  ^  the  accuracy  needed. 

the  accuracy  of  the  expenmen  method  is  to  be  expected  if  the 

..  «b«r  of  poio.s  d.scnbing  the 

“  s  . — -  *• 

represented  by  /=m  +  pt  (D 

where  m  and  p  are  constants  and  j  is,  for  example,  log -(a- -x)  for  a 
first-order  or  pseudo-first-order  reaction,  or  log  [(b  x)l(a  x)\ 
second-order  reaction.  The  designations  a ,  b,  and  x  have  been  define  (p. 
826).  To  fit  the  data,  a  straight  line  is  chosen,  using  equaUons  from  the 
method  of  least  squares  (24).  For  the  line  represented  by  eq.  1,  these  are 

Xj  =  nm  +  pXt 

Xjt  =  mXf  +  pXt2  (3) 

where  n  is  the  number  of  observations. 

Solving  eqs.  2  and  3  simultaneously  for  m  gives 


Xt2Xj-^tXjt 
m“  nXt2-(Xt)2 


(4) 


Then,  for  the  line  extrapolated  to  t  —  0,  eq.  1  becomes  for  the  intercept 

j  =  m  (5) 

and  combining  eqs.  4  and  5  results  in  the  following  general  equation: 


.  Xt2Xj-Ztljt 
nXt2-(lt)2 


(6) 


For  a  first-order  reaction,  /  =  log(a  — dj)  at  t  =  0,  and  eq.  6  becomes 

,  ,  y  Xt2X[\og(a-x)]-Xtl{t  log(a-x)}  ^ 

log(a-ai)= - -  (7) 

where  a1  is  the  initial  concentration  of  the  faster  reacting  species,  and  for 
a  second-order  reaction 

(b-ax) 


j  =  log 


(a  — 


at  t  =  0 


■  <b_ai)  2i2S{log[(fc-x)/(a-x)]}-2t2{f  log[(fi-x)/(a-x)]}  ,ON 
g(u-a,)  n2r2-(If)2  (8) 

24.  A.  G.  Worthing  and  J.  Geffner,  Treatment  of  Experimental  Data ,  Wiley,  New  York, 
1943,  p.  240. 


860 


Quantitative  Organic  Analysis 


Reilley  and  Pappa  (25)  devised  a  kinetic  analytical  approach  to  systems 
where  a  and  b  are  equal  in  the  kinetic  equation  shown  on  page  826.  This 
simplifies  the  mathematics  required  but  severely  limits  applicability,  since 
in  most  analytical  methods,  an  excess  of  reagent  is  required  for  the 
analysis  to  proceed  at  a  satisfactory  rate. 

Garman  and  Reilley  (26)  devised  a  method  of  proportional  equations 
for  first-order  and  pseudo-first-order  systems. 

The  graphical  approach  of  Siggia  and  Hanna  as  depicted  earlier  (pp. 
825-859)  has  several  advantages  over  the  more  mathematical  approaches 
of  Lee  and  Kolthoff  (1)  and  those  of  Reilley  and  co-workers  (25,  26,  30). 
These  are  as  follows: 


VERSATILITY 

1.  Approach  applies  to  first-,  pseudo-first-,  and  second-order  reaction 
systems.  The  same  reasoning  applies  to  all  types. 

2.  No  rate  constants  are  required  for  the  calculations,  hence  rigidly 
controlled  reaction  conditions  are  not  required.  In  fact,  one  set  of 
conditions  can  be  used  for  one  sample  and  another  set  of  conditions  for  a 
second  sample.  Each  analysis  is  independent  of  the  others.  This  makes 
the  method  applicable  to  systems  widely  divergent  in  reactivity  or  in 
concentration  of  the  diverse  components.  Optimum  experimental  condi¬ 
tions  can  be  chosen  for  each  case.  The  examples  in  Tables  1  to  14  show 
this  versatility. 


ACCURACY  AND  PRECISION 

1  The  value  used  to  calculate  the  analysis  in  the  graphical  method  is 
an  extrapolation  from  a  number  of  experimental  points.  This  results  in  an 
“averaging”  of  the  data  and  a  decreasing  of  the  effects  of  experimental 
error  The  mathematical  approaches  are  based  on  either  one  or  two 
points*  hence  all  errors  attendant  to  those  one  or  two  points  end  up  in  the 
analysis.  In  mixtures,  nonjudicious  selection  of  the  one  or  two  points  can 

result  in  serious  errors.  . 

2  The  use  of  rate  constants  in  some  of  the  mathematical  approaches 

tends  toward  error  because  any  deviation  from  the  fixed  condrtton  results 
in  a  different  rate,  which  then  affects  the  analysis.  Also,  rate  constants  are 

25  C.  N.  Reilley  and  L.  J.  Pappa,  Anal.  Chem.,  34,  801-4 Al962>- 

26  R.  G.  Garman  and  C.  N.'  Reilley,  Anal.  Chem..  34,  <S00-6 

21.  S.  Siggia,  J.  G.  Hanna  and  N.  M.  Sereneha  A„at.  Chem.  3*36.  (1963). 

28.  J.  Block,  E.  Morgan,  and  S.  Siggia,  Anal.  Chem.,  >  - 
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•  ^  nn  nnre  samples  of  the  various  components.  When  the 
components  are  mixed,  their  rate  constants  are  not  always  identical  to 
those  when  each  component  occurred  alone  (29). 

The  graphical  approach  has  now  been  applied  to  some  80  mixtures  with 
96%  success.  The  same  approach  has  also  been  used  to  analyze  mixtures 
using  physical  reactions  rather  than  chemical  ones  (27)  and  has  been  used 

in  combustion  analysis  (28). 


29.  S.  Siggia  and  J.  G.  Hanna,  Anal.  Chem.,  36,  228  (1964). 

30.  L.  J.  Pappa,  H.  B.  Mark,  and  C.  N.  Reilley,  Anal.  Chem.,  34,  1513  (1962). 
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Weighing  of  Volatile  or  Corrosive 

Liquids 


Need  often  arises  for  the  determination  of  liquid  samples  that  are 
highly  volatile.  These  liquids  cannot  be  weighed  even  in  glass-stoppered 
weighing  bottles  without  serious  losses.  Some  liquids  give  off  corrosive 
vapors  or  gases,  which  may  cause  injury  to  the  balance  being  used. 

A  technique  has  been  devised  whereby  the  sample  is  sealed  in  a  glass 
ampoule  so  that  there  can  be  no  loss  of  vapors.  Samples  boiling  as  low  as 
0°C  can  be  successfully  weighed  by  this  technique. 

The  preparation  of  the  ampoule  is  described  in  Fig.  26.1.  The  bulbs  are 
blown  as  shown  in  steps  1  to  4.  Then  the  arm  of  the  bulb  is  bent,  as  in 
step  5,  and  the  constriction  is  made,  as  in  step  6. 

The  design  of  the  bulb  makes  possible  the  removal  of  a  sample  from  a 
bottle  (step  7)  without  awkward  tilting  of  the  sample  bottles.  The  con¬ 
striction  makes  possible  a  very  quick  seal  (step  8)  without  significant 
vaporization  of  sample.  Vaporization  of  more  volatile  components  of  a 
mixture  can  result  in  an  unrepresentative  sample. 

To  take  a  sample,  proceed  as  follows.  Warm  the  bulb  of  the  ampoule 
gently  in  a  flame  to  drive  out  some  of  the  air  by  expansion  (step  6).  Then 
quickly  insert  the  tip  of  the  capillary  below  the  surface  of  the  sample. 
Immerse  the  bulb  of  the  ampoule  in  a  beaker  containing  a  mixture  of  dry 
ice  and  methanol  or  acetone.  The  contraction  of  the  air  in  the  bulb  will 
draw  the  sample  into  the  bulb.  As  soon  as  the  flow  of  sample  into  the 
bulb  has  diminished,  but  has  not  yet  ceased,  withdraw  the  tip  of  t  e 
capillary  from  the  sample  bottle  and  allow  the  sample  in  the  capillary  side 
arm  to  be  drawn  past  the  constriction.  Keep  the  bulb  of  the  ampoule  in 

the  dry  ice  bath  while  the  ampoule  is  sealed. 

The  sealing  is  accomplished  by  placing  the  constriction  in  the  arm  of 
the  ampoule  in  the  flame  of  a  micro  burner  or  in  the  flame  produced  by  a 
Bunsen  burner  with  the  chimney  removed.  The  flame  can  be  broug 

colrcSi  -c  .h.  beak.,  «  ««r«m.ly  «*•  I* 
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Fie.  26.1.  Ampoules  for  weighing  volatile  liquids. 


contained  in  the  capillary  side  arm,  which  now  is  separated  from  the  bulb 
(step  9),  is  driven  out  by  holding  the  capillary  in  a  flame  with  a  pair  of 
tweezers.  This  liquid  should  be  entirely  removed,  since  the  capillary  side 
arm  has  to  be  weighed  with  the  full  ampoule  because  it  was  included  in 
the  weight  of  the  empty  ampoule. 

A  few  precautions  in  sampling  liquids  are  as  follows. 


1.  No  vapor  should  be  lost  from  the  bulb  at  any  time.  The  sample 
should  be  drawn  up  in  one  operation.  Do  not  try  to  draw  up  additional 
sample  by  warming  the  sample  already  in  the  bulb  and  then  recooling  the 
bulb.  This  would  result  in  driving  off  the  lower  boiling  portion  of  the 
sample  and  obtaining  an  unrepresentative  sample. 

In  the  same  respect,  error  in  sampling  can  result  if  the  bulb  has  been 
brought  to  a  temperature  too  high  for  that  particular  sample.  The  liquid 
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first  striking  the  hot  bulb  can  be  partially  vaporized  off;  this  is  indicated 
by  bubbles  escaping  from  the  tip  of  the  capillary  as  soon  as  the  first  liquid 
hits  the  bulb. 

2.  Support  the  bulb  with  the  fingers  as  the  constriction  is  being  sealed 
so  that  the  bulb  will  not  fall  over  into  the  cold  alcohol  or  acetone  bath.  If 
the  hot  tip  strikes  the  cold  bath,  cracks  often  develop  in  the  seal  and 
portions  of  the  samples  can  be  lost  through  these  cracks. 

3.  Do  not  fill  the  bulb  more  than  two-thirds  full  when  the  sample  is 
very  volatile.  The  bulb  may  burst  as  it  comes  to  room  temperature. 

4.  The  face  of  the  worker  should  be  shielded  when  handling  sealed 
ampoules  that  contain  liquids  boiling  below  20°C,  since  faulty  ampoules 
may  not  be  able  to  bear  the  pressure. 


This  technique  was  found  very  satisfactory  in  analyzing  methyl  vinyl 
ether  (b.p.  5-6°C),  ethylene  oxide  (10.7°C),  ethyl  amine  (17°C),  and 
acetaldehyde  (21°C).  Fuming  sulfuric  acid  samples  were  also  measured  by 
this  technique. 

The  bulb  size  depends  on  the  size  of  sample  needed.  The  use  of  5-mm 
outside  diameter  tubing  in  stage  1  (Fig.  26.1)  will  yield  bulbs  about  g  to 
-fe  in.  in  diameter;  these  bulbs  will  hold  about  0.05  to  0.2  gram.  The  use 
of  7-mm  tubing  will  yield  bulbs  that  range  from  4  to  2  in*  in  diameter  and 
will  hold  about  0.2  to  0.7  gram.  When  9-  and  12-mm  tubing  is  used,  the 
bulbs  will  be  fin.  to  1  in.  in  diameter  and  will  hold  about  1  to  3  grams. 
For  the  very  low-boiling  samples,  15°C  or  below,  the  ampoules  should  be 
blown  small  so  that  the  walls  remain  rather  heavy.  The  ampoule  should 
be  tested  for  its  ability  to  hold  the  pressure.  A  simple  test  is  to  tap  the 
bulb  sharply  on  a  wooden  surface,  when  it  is  in  stage  4,  holding  the 
ampoule  by  the  end  of  the  stem.  If  the  bulb  withstands  this  test,  it  wi 
hold  a  sample  boiling  down  to  0°C.  (During  the  test,  the  bulb  should  be 
turned  slightly  between  taps  to  make  sure  there  are  no  weak  spots.) 

When  gases  such  as  ethylene  oxide,  butadiene,  or  methyl  vinyl  ether 

are  sampled  at  room  temperature,  the  cylinder  containing  the  sample 

should  be  cooled  well  below  the  boiling  point  of  the  sample.  The  cylinder 

is  then  inverted  and  the  sample  is  poured  in  the  liquid  state  into  a 

bottle  that  is  immersed  about  half  its  length  in  crushed  dry  ice^  The  bottle 

should  be  capped  while  it  is  cooling  in  the  ice  to  prevent  condensation  o 

water  on  the  inside.  Also,  it  should  be  capped  immediately  after  th 

sample  is  in,  to  prevent  carbon  dioxide  from  dissolving  in  the 

P  .  *  The  samoline  of  the  material  in  the  liquid 

is  sometimes  very  significant).  The  sampling  cvlinder  The 

earlier. 
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Acetaldehyde,  103,  110,  112,  114,  115, 

117,  126,  131,  133,  134,  137,  139, 
143,  144,  145,  150,  153,  836 
Acetaldol,  131,  133 

Acetals,  100,  107,  112,  113,  116,  510-528 
Acetamide,  185,  187,  196,  200,  205,  207, 
211,  213,  215,  222,554-556,  851 
Acetamidobenzaldehyde,  158 
Acetanilide,  196,  222,  554-556 
Acetic  acid,  55,  56,  248,  249,  251,  255, 
256,487 

solvent  for  nonaqueous  titration,  165, 
168,533-534,  545,646-650 
Acetic  anhydride,  acetylation  agent,  9-22, 
558-559,  826-832 

determination  of,  233,  236,  238,  241, 

242,  248,  253,  255 

mixtures  of  anhydride  and  acid,  241,  252- 
256 

mixtures  of  anhydride  and  ester,  174-175, 
180-181 

solvent  for  amide  titration,  1 84-1 89 

traces,  243 

Acetic  hydrazide,  678 
Acetoacetanilide,  66,  562 
2-Acetonaphthone,  99 
Acetone,  determination,  79,  114,  127,  135, 
136,  150,  837 

solvent  for  nonaqueous  titration,  47,  51, 
162-164,  243-245,  546 
Acetone  oxime,  38 

Acetonitrile,  determination  of,  258,  259, 
261,262,476,  851 

solvent  for  nonaqueous  titration,  47,  51, 
252-256,  535,  551,647 
Acetophenone,  99,  150,  419,  420,  485, 

835 

Acetthienone,  150 
Acetylacetone,  52,  53,  56,  150 
Acetylation,  of  amino  groups,  558-559 

of  hydroxyl  groups,  12-22,  826-832 
p-Acetylbenzenesulfonic  acid,  797,  800 
Acetyl  chloride,  228,  229 
Acetylene,  491,  501,  505,  509 


Acetylenedicarboxylic  acid  salt,  658,  663 
Acetylenic  amines,  501 
Acetylenic  compounds,  see  Unsaturation 
and  Acetylenic  hydrogen 
Acetylenic  hydrogen,  489-509 
determination  by  cuprous  method,  507- 

508 

determination  by  mercuric  method,  508- 

509 

determination  by  silver  methods,  489-507 
see  also  Unsaturation 
Acetylglycine,  222 
Acetylsulfanilamide,  222 
Acetic  anhydrides,  carboxylic,  230-243,  252- 
256 

determination  in  esters,  174-175,  180-181 
free  acids  in,  243-252 
traces  of,  243 

Acid  bromides,  carboxylic,  228 
Acid  chlorides,  carboxylic,  223-230 
as  esterification  agent,  31-40 
free  carboxylic  acid  in,  224-230 
free  hydrogen  chloride  in,  224-230 
Acid  halides,  223-230 
as  esterification  agents,  9,  31-40 
Acids,  see  Carboxylic  acids:  Sulfmic  acids; 

and  Sulfonic  acids 
Acrolein,  126,  131,  133,  381 
Acrolein  diacetate,  381 
Acrylamide,  207,  211,  213,  214,  460,  463, 
476,  557,  558,  851 

Acrylate  esters,  171,  382,  402,  432,  454, 
456,  460,  463,476 

Acrylic  acid,  381,  454,  456,  460,  463,  465 
Acrylonitrile,  261,  262,  432,  454,  456,  460, 
463,464,  465,476 

as  reagent  for  disulfide  analysis,  764-769 
Active  hydrogen,  478-488 
using  Grignard,  479-487 
using  lithium  aluminum  hydride,  487-488 
Adamantamine,  643 
Adipamide,  205,  207,  211 
Adipic  acid,  249 
Adiponitrile,  476 
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Alanines,  56,  597,  598,  599,  638 
Alcohols,  see  Hydroxyl  groups 
Aldehydes,  see  Carbonyl  groups 
Aldehydic  interference  in  hydroxyl  analysis, 
10,  11,  14,  20 
Alkoxyl  groups,  263-278 
acidimetric  determination,  263-269 
iodimetric  determination,  269-278 
oxyalkalene  determination,  278-303 
Alkoxy  silanes,  22 
Allyl  acetate,  435,  436 
Allyl  acetone,  435 

Allyl  alcohol,  20,  30,  377,  381,  432,  435, 
436,439 
Allylamine,  377 
Allyl  chloride,  448 
Allyl  cyanide,  460,  463 
Allyl  esters,  381-382,  432,  435,  436 
Allyl  ether,  377,  382 
Allylisothiocyanate,  697,  700 
Allyl  mercaptan,  728 
2-Allyl-3-methyl-2-cyclopenten-4-ol-l-one, 
435 

Allylvinyl  ether,  520 

Amides,  carboxylic  acid,  172,  183-223,  850- 
852 

determination  by  hydrolysis,  183 

determination  by  hypobromite  reaction, 
205-214 

determination  by  hypochlorite  reaction, 
214-216 

determination  by  photometric  titration, 
189-198 

determination  by  potentiometric  titration, 
184-189 

determination  by  reduction  to  amines, 
198-203 

determination  of  cyclopropylamides,  2 lb- 

217 

determination  of  primary  amides,  204- 
205 

determination  of  traces,  217-223 

effect  of  substitution  on  basicity  of,  189- 
198 

mixtures  of  amides,  850-852 

mixtures  of  amides  and  nitriles,  850-852 
Amines,  see  Amino  groups 
Amino  acids,  56,  164,  165,  547,  548,  597, 
598,  599,  617,  638 

4-Aminoazobenzene,  562 


p-Aminobenzaldehyde,  158 
Aminobenzamides,  218 
Aminobenzenesulfonic  acid,  800 
5-Amino- 2-benzimidazolethiol,  56 
p-Aminobenzoic  acid,  643 
4-Aminoclonazepam,  643 
4-Amino-N-cyclopropyl-3,5-dichlorobenz- 
amide,  218 

o-Aminodicyclohexylamine,  602 
Aminodiphenyls,  562,  602 
Aminoethylethanolamines,  575,  597,  598, 
609,  610 

p-Amino-N-ethyl-2-hydroxyethylbenzene- 
diazoniumchlorozincate,  849 
N-Aminoethylmorpholine,  575,  609,  611 
N-Aminoethylpiperazine,  597,  598 
Amino  groups,  529-653,  837-840 
basic  strength  vs  structure  and  substituents, 
529-532 

determination  by  acetylation,  558-559 
determination  by  bromination,  565-566 
determination  by  coupling,  566 
determination  by  diazotization  and  nitro- 
sation,  559-562 

determination  by  titration  as  bases,  533- 
558 

determination  by  Van  Slyke  (primary 
amines),  562,  586-592 
determination  of  amines  in  mixtures,  567- 
632,  837-840 

general  mixtures,  633,  837-840 
primary  amines  in  presence  of  secondary 
and  tertiary,  586-612 
primary,  secondary  and  tertiary  mixtures, 
567-586,  629-632 

secondary  in  presence  of  primary  and 
tertiary,  567-586,  612-621 
tertiary  in  presence  of  primary  and  sec¬ 
ondary,  567-586,  621-629 
determination  of  diamines  by  Schiff  base 
precipitation,  563-565 
interference  in  hydroxyl  analysis,  14,  40, 

41 

small  quantities  of  amines,  633-645 
azeotropic  distillation,  633 
primary  aliphatic,  634,  635-644 
primary  aromatic,  634-644 
primary,  secondary  and  tertiary,  644- 

645 

7-Amino-3-hydroxyclonozepam,  643 
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2- Aminoethylcyclopentylamine,  602 
Aminonaphtholsulfonic  acid,  66,  562 
Aminophenols,  92,  93,  562,  602 
Aminopropanols,  829 
N-Aminopropylmorpholine,  597,  598 

3- Aminopropyne,  501 
p-Aminosalicylic  acid,  643 

Ammonia,  for  carbonyl  determination,  147 
Amphetamine,  31,  530,  643 
Amyl  acetates,  181,  854,  856,  858 
Amyl  alcohols,  see  Pentanols 
Amylamines,  529,  530,  609,  610,  645 
Amyl  butyrate,  181 
Amyl  disulfides,  756 
N-Amylideneamylamine,  652 
Amylimine,  652 

Amyl  mercaptans,  714,  715,  724,  732,  734, 
741,  745 

p-tert-Amylphenol,  59 
Anethole,  385 
solvent  for  Grignard,  481 
Anhydrides,  see  Acid  anhydrides,  carboxylic 
Aniline,  30,  236-239,  485,  487,  530,  531, 
541,  545,  562,  566,  567,  602,  617, 
645,  838 

reagent  for  anhydrides,  236-239 
Anisaldehyde,  110,  115,  150 
Anisonitrile,  851 
Anthranilic  acid,  554-556,  566 
Anthraquinonesulfonic  acid,  658,  663,  797, 
800 

Arginine,  56 

Ascaridole,  330,  336,  351,  352,  354,  355 
Ascorbic  acid,  672 
Asparagine,  56,  222 
Aspartic  acid,  56 

Atomic  absorption  method  for  amines,  619- 
621 

Azo  dyes,  411 
Azo  groups,  654-663 

Barbitone,  222 

Barium  perchlorate,  acidity  enhancement 
with,  249-252 

Benzaldehyde,  99,  103,  106,  110,  114,  121, 
126,  131,  133,  140,  142,  150,  154, 
485,  836 

reagent  for  amine  determination,  601-604 
Benzamide,  200,  205,  211,  213,  215,  851 
Benzene,  419 


Benzeneazodiphenylamine,  657 
Benzenediazonium  chloride,  684 
Benzene-ethanol  solvent  for  nonaqueous 
titrations,  47,  51 

Benzene-isopropanol  solvent  for  nonaque¬ 
ous  titrations,  47,  50,  51,  52 
Benzene-methanol  solvent  for  nonaqueous 
titrations,  47,  51,  162-164 
Benzenesulfonic  acids  and  salts,  797,  799, 
800 

Benzhydrazide,  677,  678 
Benzhydrol,  19 
Benzidine,  562,  564 
Benzoic  acid,  55,  56,  249,  252,  487 
Benzoic  acid  anhydride,  241,  242 
Benzoin,  19,  99 
a-Benzoin  oxime,  19 
Benzonitrile,  200,  201,  851 
Benzophenone,  836 
Benzoyl  bromide,  228 
Benzoyl  chloride,  228,  229 
Benzoyl  peroxide,  328,  330,  333,  336,  351, 
352,  354,  355,  359,  360,  362,  364, 
366,  367 

Benzoyl  alcohol,  14,  23,  38 
Benzylamine,  38,  549,  597,  598,  602 
Benzyl  benzoate,  181 
N-Benzyl-N-cyclopropy  lure  thane,  218 
Benzyl  disulfide,  756,  759 
N-Benzylideneaniline,  648,  649,  650 
N-Benzylidene-rt-butylamine,  648 
N-Benzylidene-n-hexylamine,  648,  649 
Benzylisothiocyanate,  702 
Benzyl  mercaptan,  715 
Benzylphenol,  56 
Benzylsulfide,  758,  775 
2,2'-Bipyridine,  547,  548,  550 

1 . 2- Bis(benzylidineamino)ethane,  648 
Bis-2-cyanoethylamine,  554-556 

N,  N'-Biscyclopropyl-  2-methyl-  2-n-propyl- 

1 ,3-propanediol  dicarbonate,  218 
N,N'-Biscyclopropylphthalamide,  21 8 

1.3- Biscyclopropylurea,  218 
Bis-2-hydroxyethylamine,  554-556 
Bisulfite  addition,  for  acetals  and  vinyl  eth¬ 
ers,  511-515 

for  carbonyl  compounds,  100-107, 

817 

for  imines,  651-652 
for  unsaturation,  452-458 
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Bromate-bromide,  reagent  for  phenols,  58- 
59 

reagent  for  unsaturation,  383-386 
Bromination,  for  amines,  565-566 
for  disulfides,  761-763 
for  phenols,  57-62 
for  sulfides,  771-773 
for  unsaturation,  374-394 
Bromoanilines,  602 

4-Bromo-N-cyclopropylbenzamide,  218 
4-Bromonitrobenzene,  666 
p-Bromophenol,  56 
p-Bromophenylisothiocyanate,  702 
Brucune,  547-548,  550 
Butadiene  monoxide,  311 
Butadienes,  376,  391 

1.3- Butanediol,  26,  30,  87,  831 

1.4- Butanediol,  20 
2,3-Butanediol,  26 

Butanols,  20,  22,  23,  30,  38,  69,  70,  73,  75, 
78,487,  828,  829,  830 
Butanolamines,  603 
Butanones,  835,  836 
2-Buten-l,4-diol,  20,  476 
Butenes,  376,  382,  391 
2-Buten-l -thiol,  723 

1- Butenylmethyl  ether,  520 
Butoxyl,  see  Alkoxyl 

2- Butoxyethylvinyl  ether,  525 

Butyl  acetates,  181,  853,  854,  855,  856, 
857,  858 

Butyl  acrylate,  460,  463 
Butylamine,  reagent  for  isocyanates  and  iso¬ 
thiocyanates,  694-697 
solvent  for  nonaqueous  titrations,  47 
Butylamines,  529,  530,  537,  571,  575,  578, 
585,592,594,597,598,  602,  609, 
610,613,617,631,838,  839 
Butyl-p-aminobenzoate,  268 
Butylbenzoate,  181 
Butylbutyrate,  181 
Butyl  Carbitol,  281 

Butylchrysanthemum  monocarboxylate, 

435 

2-terf-Butylcyclohexanol,  18,  19 
Butylcinnamylsulfoxide,  787 
N-Butyldiethanolamine,  537 

Butyl  disulfides,  756,  758,  762,  768 

N-Butyl-w-dodecylamine,  620 

Butylene  oxide,  323 


tert- Butyl  hydroperoxide,  20,  328,  330,  336, 
345,  348,  351,  352,  354,  355,  360, 
361,  362 

N-Butylideneaniline,  648,  652 
N-n-Butylidene-n-butylamine,  648,  652,  653 
Butylimine,  652,  653 
Butylisocyanate,  697,  700 
Butylisothiocyanate,  697 
Butyllithium  reduction  of  disulfides,  757- 
758 

Butyl  mercaptans,  710-713,  715,  724,  727, 
728,  732,  734,  737,  741,  745,  779 
(2-Butylmercapto)ethylvinyl  ether,  520 
Butyloleate,  843,  846 
2-fert-Butylphenol,  485 
Butyl  rubbers,  451 
Butylthioglycolate,  727 
tt-Butylvinyl  ether,  402,  51 1,  515,  518,  525 
2-Butyn-l,4-diol,  14,  385,  402,  413,  469, 
476,  843,  844,  845,  846 
Butynes,  474,  501 
Butynols,  469,  497,  506,  509 
n-Butyraldehyde,  99,  100,  103,  110,  117, 
121,  122,  123,  126,  131,  133,  150, 
154 

Butyramide,  200,  205,  207,  211,  213,  214, 
215,  851 

Butyric  acid,  252,  255 
Butyric  anhydride,  233,  238,  255 
7-Butyrolactone,  181 
Butyronitrile,  201,  258,  259,  851 

Caffeine,  554-556 
Camphoric  anhydride,  238 
Cannizzaro  reaction,  for  determining  car¬ 
bonyl  compounds,  146 
interference  in  silver  methods  for  carbon¬ 
yls,  116, 124 
Caprolactam,  222 
N-Capronitrile,  201 
n-Caprylic  acid,  128 
Carbitols,  281 
Carbohydrazide,  678 

Carbon  disulfide  methods  for  amines,  572- 
586,  600,614-619 
Carbonyl  groups,  95-160,  832-837 
aldehyde  interference  in  hydroxyl  analy¬ 
sis,  10-11,  20 
by  ammonia  reaction,  147 
by  bisulfite  addition,  100-107,  817 
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by  Cannizzaro  reaction,  146 
by  hydrazone  formation,  107-115,  148- 

152 

by  hypobromite,  137-138 
by  hypoiodate,  136-137 
by  lithium  aluminum  hydride,  146 
by  mercury  methods,  126-136 
by  methone  (dimedon)  method,  143-146 
by  oxidation  methods,  115-138,  146-147, 
148 

by  oxime  formation,  95-100,  817,  832- 
837 

by  peroxide  method,  146-147 

by  potassium  cyanide,  147 

by  Schiff  base  formation,  138-142,  152- 

153 

by  silver  methods,  115-126,  153-160 
by  sodium  borohydride,  147-148 
mixtures  of  carbonyl  compounds,  826- 
827,  832-837 

trace  carbonyl  groups,  148-160 
by  2,4-dinitrophenylhydrazine,  148-152 
by  Schiff  base  formation,  152-153 
by  silver  methods,  153-160 
Carbowax,  see  Polyglycol  ethers 
Carboxylic  acids,  161-165 
in  acid  anhydrides,  243-252 
in  acid  chlorides,  228 
acidity  vs  structure  and  substituents,  161- 

164 

titration  in  aqueous  medium,  161-162, 

165 

titrations  in  nonaqueous  media,  162-164 
Carboxylic  acid  anhydrides,  see  Acid 
anhydrides,  carboxylic 
Carboxylic  acid  chlorides,  223-230 
Carboxylic  acid  salts,  165-169 
combustion  methods,  168-169 
titration  in  glacial  acetic  acid,  165,  168 
titration  in  glycol  solvents,  165-167 
Carboxylic  imides,  223 
Catechol,  56 
Cellobiose,  19 
Cellosolves,  263-303 
solvent  for  epoxide  determination,  306 
Cetyl  mercaptan,  727 
Cetylpyridinium  halides,  690,  693 
Cetyltrimethylammonium  chloride,  688 
Chloroacetamide,  207,  211,  213 
a-Chloroacrolein,  381 


Chloroacrylates,  413 
Chloroallyl  alcohol,  381,  432 
Chloroaniline,  reagent  for  acid  chlorides, 
223-230 

Chlorobenzaldehyde,  121,  154,  155,  157, 

159 

p-Chlorobenzenesulfinic  acid,  800,  813 
p-Chlorobenzenethiol,  728 
p-Chlorobenzonitrile,  201 
N-/?-Chlorobenzy lidene-n-hexylamine,  64 8 
Chlorobutene,  382 

4-Chloro-N-cyclopropylbenzamide,  218 

Chlorodimethyl  acetal,  511 
2-Chloroethylvinyl  ether,  520 
Chloroform,  solvent  for  epoxide  determina¬ 
tion,  308-309 

solvent  for  nonaqueous  titration,  647 

6- Chloro-l-hexyne,  506 
2-Chloro-5-nitroaniline,  666 

2- Chloro-4-nitrophenylacetic  acid,  666 
Chloroperbenzoic  acid,  epoxidation  of  un¬ 
saturated  compounds,  449-452 

m-Chlorophenol,  92 

3- Chloro-l, 2-propanediol,  85 
2-Chloro-l-propenylbutyl  ether,  435 

7- Chloropropylmethyldiethoxysilane,  22 

p-Chlorothiophenol,  56,  813 
11-Chloro-l-undecyne,  506 
Cholesterol,  36 
Choline  chloride,  690 
Chromous  reductions,  658-663 
Chrysanthemum  acid,  255 
Chrysanthemum  anhydride,  233,  255 
Cinnamaldehyde,  103,  110,  141,  142,  150 
Cinnamic  acid,  385,  402,  410,  411,  419, 
420,476 

Citric  acid,  57,  249 

Cobaltothiocyanate  method  for  oxyalkalene 
groups,  300-303 

Copper-salicylaldehyde  method  for  amines, 
605-612 
Coramine,  222 

Corn  oil  unsaturation,  378,  428 
Cottonseed  oil  unsaturation,  378,  428 
Coupling  methods,  62-67,  87-94,  566 
Cresols,  55,  57,  61,  92,  93 
Cresyldisulfide,  768 
p-Cresyl  mercaptan,  724 
Crotonaldehyde,  103,  110,  115,  117,  119, 
121,  836 
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Crotonamide,  185 
Crotonic  acid,  454,  456,  846 
Crotyl  alcohol,  381,  432 
Cumene  peroxide,  328,  340,  345,  351,  352, 
354,  359,  360,  361,  362 
Cyanhydrin  reaction,  147 
m-Cyanobenzaldehyde,  154,  156 
2-Cyanoethylamine,  554-556,  557 
1,5,9-Cyclodecatriene,  427 
1,3-Cyclohexadiene,  447,  476 
fra«s-l,2-Cyclohexanediol,  85 
Cyclohexanethiol,  728 
Cyclohexanol,  14,  18,  19,  22,  23,  30,  38, 

73 

Cyclohexanone,  99,  100,  106,  125,  127, 
150,  836 

Cyclohexanone  oxime,  36 
Cyclohexene,  331,  333,  336,  376,  377,  385, 
391,435,436,439 
Cyclohexenylmethylsulfoxide,  787 
Cyclohexylamine,  487,  571,  602 
2-Cyclohexylxyxlohexanol,  19 
Cyclohexylisocyanate,  700 
Cyclooctadiene,  427 
Cyclooctene,  427 

Cyclopentanone,  99,  100,  125,  127,  150, 
836 

Cyclopentyl  mercaptan,  720 
Cyclopropanecarboxylic  hydrazide,  678 
Cyclopropylamides,  216-218 
Cysteine,  672,  714,  716,  749,  813 
1-Cystine,  762 

Decanemethylenediamine,  602 
1-Decanethiol,  723 
1-Decanol,  276 
1-Decene,  376,  443 
Decylacetate,  276 
Decylidenedecylamine,  652 
Decylphenol,  14 
Dehydrochlorination,  816 
Dehydroisophytol,  476 
Dehydronerolidol,  476 
Detergents,  determination  of  anionic  type, 
801-806 

determination  of  cationic  type,  688-690 
determination  of  nonionic  type,  263-303 
Dextroxe,  36,  43 
Dialkyl  disulfides,  see  Didulfides 
Diallylbenzoate,  432 


Diallylitaconate,  432 
Diallylphthalate,  432 
Diallylsulfoxide,  787 
Diamines,  563 

4,4'-Diaminodiphenylamine-2'-sulfonic  acid, 
562 

1,3-Diaminopropane,  645 
Diazomethane,  478 

Diazonium  salts,  as  coupling  agents,  62-67, 
87-94,  533,  566 
determination  by  coupling,  684 
determination  by  cupric  oxidation,  681- 
684,  847-850 

determination  by  titanous  chloride,  654- 
657,  685 

determination  of,  680-687 
mixtures  of  diazonium  compounds,  687, 
847-850 
traces,  685-687 

Diazotization  for  amine  determination,  559- 
562,  634 

Dibenzhydrazide,  677 
Dibenzylketone,  99 
Dibenzylsulfides,  772,  775,  776 
Dibenzylsulfoxide,  783,  787 
p-Dibutoxybenzene,  268 
2,5-Dibutoxy-4-morpholinobenzenediazoni- 
um  chlorozincate,  849 
Di-w-butylacetal,  128,  511,  514-515 
Dibutylamine,  571,  574,  575,  580,  583, 
585,617,620,621,838 
reagent  for  isocyanates,  697-699 
Dibutylphthalate,  171 
Dibutylsulfides,  772,  776,  779 
Dibutylsulfoxides,  785 
Dichlorobenzaldehyde,  110,  150 
reagent  for  hydrazides,  673 
Dichlorobutene,  382 
Dichloroethylene,  382,  385 
Dichloropropene,  382 
Dichlorostyrene,  435 
Dicumyl  peroxide,  340 
Dicyclohexylamine,  620 
reagent  for  isocyanates,  699-701 
Di(cyclopentadiene),  447 
Di-M-dodecylamine,  620 
Dieldrin,  312 
Diethanolamine,  537,  575 
p-Diethoxybenzene,  258 
Diethoxysulfoxide,  783 
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Die  thy  lace  tal,  115,  128,  515 
Diethylacetamide,  200 

Diethylamine,  537,  541,  575, ^583,  5  ,  » 

617,  618,  620,  621,  622,  631,  632 

p-Diethylaminobenzenediazonium  salt,  684 

2-Die thylaminoethane thiol,  72.8 
DiethylaniUne,  545,  552-553,  554-556,  567, 


645 

Diethyldiisopropoxysilane,  22 
Diethyleneglycoldimethyl  ether,  281 

Diethylenetriamine,  541,  542,  575,  597, 
598,602 

Diethyl  ether,  331,  336 
Diethylfumarate,  454,  456,  460,  463 
Di(2-ethylhexyl)amine,  575,  583 
Di(2-ethylhexyl)maleate,  460,  463 
Diethyl  ketone,  127 

Diethylmaleate,  432,  454,  456,  460,  463, 


465 

N,N-Diethylnaphthylamines,  567 
Diethylsuccinate,  171 
Diethylsulfide,  772,  773,  776,  779 
Differential  reaction  rates,  825-861 
Dihexylamine,  575,  583,  620,  838 
Dihydrodimethylresorcinol,  56 
Dihydroxybenzenes,  52,  53 

p,p'-Dihydroxydiphenylsulfoxide,  7 83 
Dihydroxyethylacetal,  511 
N,N-Di(|3-hydroxyethyl)aniline,  571,  816 

2.3- Dihydroxynaphthalene,  66 

2.3- Dihydroxynaphthalene-6-sulfonic  acid, 


66 


7-(2,3-Dihydroxypropyl)theophylline,  85, 


87 


Dihydroxystearic  acid,  14 
Diisobutylacetal,  515,  525 
Diisobutylamine,  30 
Diisobutylcarbinol,  18,  19 
Diisobutylene,  331,  336,  376 
Diisopropanolamine,  537 
Diisopropylacetal,  515 
Diisopropylamine,  537 
p-Diisopropylbenzene  alcohol,  340 
Diisopropylbenzene  alcohol  hydroperoxide, 
340 


Diisopropylbenzenedihydroperoxide,  340 
Diisopropylbenzenehydroperoxide,  340 
Diisopropylbenzeneperoxide,  340 
Dilaurylthiodipropionate,  775 
Dimedon  method  for  carbonyls,  143-146 


Dimercaptoadipic  acid,  813,  814 

1.2- Dimethoxy-4-allylbenzene,  268 
Dimethoxybenzaldehyde,  110,  154,  157, 

159 

p,p'- Dimethoxybenzophenone,  268 

2.2- Dimethoxy-l,4-dihydroxybutane,  511 

1 .3- Dimethoxy-5-methylbenzene,  268 

2.4- Dimethoxy-2-methylpentane,  273 

Dimethylacetal,  115,  273,  511,  515 
2,6-Dimethylacetanilide,  196,  197 
Dimethyla  dipate,  181 
Dimethylamine,  575,  583 
p-N ,N-Dimethy laminobenzaldehy de  method 
for  amines,  637-640 

p-Dimethylaminobenzenediazonium  salt, 

687 

Dimethylaniline,  554-556,  567,  624,  625, 

627 

Dimethylanisoles,  268 
a,a-Dimethylbenzyl  alcohol,  340 
N,N-Dimethylbenzylamine,  554-556 
Dimethylbutadiene,  376,  385 
Dimethylbutene,  376 
Dimethylcyclohexylamine,  571 

5.5- Dimethyldihydroresorcinol,  56 
for  carbonyl  compounds,  143-146 

Dimethylethanolamine,  537,  624,  627 

2.6- Dimethyl-4-ethynyl-heptan-4-ol,  501 
Dimethylformal,  273 
Dimethylformamide,  187,  188,  200,  222 

solvent  for  nonaqueous  titrations,  47,  50, 
51,  52,  162-164 
Dimethylheptene,  391 
Dimethylhexadiene,  376,  387,  435,  447 
Dimethylhexanol,  22,  82 

3.5- Dimethyl-3-hexyn-2,5-diol,  845 

3.5- Dimethyl-l-hexyn-3-ol,  505 
Dimethylhydrazine,  673 

for  carbonyl  compounds,  109-113 

3.6- Dimethyl-3-hydroxy-l-heptyne,  505 
Dimethylisophthalate,  181 
Dimethyllaurylamine,  571 
Dimethylmaleate,  181 
Dimethylmalonate,  181 
Dimethylnaphthylamines,  567 

3.6- Dimethyl-4-octyn-3,6-diol,  845 
Dimethyloxamide,  200 
Dimethylphenols,  36,  56 
N,N-Dimethyl-p-phenylenediamine,  reagent 

for  peroxides,  365-372 
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Dimethylphthalates,  181 
2,6-Dimethylpiperazine,  575,  583 

2. 2- Dimethyl- 1 -propanol,  18,  19 
Dimethylpropargylamine,  506 
Dimethylpropene,  376 

2.4- Dimethyl-3-sulfolene,  382 
Dimethylsulfoxide,  783,  790,  791 

solvent  for  esterification,  28,  29,  30,  31 
Dimethylterephthalate,  181 
Dinitrobenzene,  666 
Dinitrobenzoic  acid,  666 

3.5- Dinitrobenzoyl  chloride,  esterification 

reagent,  31-40,  67-71 
reagent  for  primary  amides,  204 

2.4- Dinitrophenylamine,  411 

2.4- Dinitrophenol,  56 

4.4- Dinitrophenylhydrazine,  657,  658,  663, 

673 

reagent  for  acetylenic  compounds,  472- 
475 

reagent  for  alcohols,  73-79 
reagent  for  carbonyl  compounds,  108, 
109,  113-115,  148-152 
reagent  for  imines,  650-651 
Di-«-octylamine,  620 
Dioctylphthalate,  276 
Dioxane,  281 

solvent  for  epoxide  analysis,  307-308 
solvent  for  isocyanate  and  isothiocyanate 
analysis  694-696 

solvent  for  nonaqueous  titrations,  533, 
547-551 

Diphenylamine,  36,  553,  554-556,  562,  645 
p-Diphenylaminediazonium  salt,  684 
p-Diphenylaminedisulfonic  acid,  800 
Diphenyldiethoxysilane,  22 
Diphenylguanidine,  550,  553,  554-556 
Diphenylphenol,  22 
Diphenylselenoxide,  785 
Diphenylsilanediol,  487 
Diphenylsulfoxide,  783,  785,  789,  791 
Di-«-propylacetal,  515 
Dipropylamines,  487 
Dipropylaniline,  838 
Dipropylsulfide,  779 

1 .3- Di-w-propyl-l,  1 ,3,3-tetraethoxydisil- 

oxane,  22 

Di(2-propynyl)amine,  501 
Distearichydrazide,  677 

Disulfides,  753-769 


mixtures  with  mercaptans,  763-769 
mixtures  with  sulfides,  763 
oxidation  method  (bromine),  761-763 
reduction  methods,  753-761 
butylhthium,  757-758 
Jones-type,  760-761 
sodium  borohydride,  753-757 
tributylphosphine,  758-759 
traces,  769 

Ditertiarybutylphenol,  14 
Dithiobiuret,  223 

4.4- Dithiodianiline,  759 
Ditolyldisulfide,  767 
Di-p-tolylsulfoxide,  783 
Divinylbenzene,  431 
Divinyl  Carbitol,  5  20 
Divinyl  ether,  432 
Docosanol,  276 
Dodecanoic  acid,  249 
Dodecanol,  73,  276 
Dodecene,  427,  443 
w-Dodecylamide,  187 
Dodecylbenzenesulfonic  acid,  800 
Dodecyldisulfide,  761,  768 
«-Dodecyl-p-hydroxybenzoate,  276 
Dodecyl  mercaptan,  714,  720,  723,  728 
Dodecylphenol,  14 

L-Dopa,  643 
Dopamine,  643 

2-Eicosanol,  69 
/i-Eicosene,  448 

Endomethylenetetrahydrophthalic  acid,  255 
Endomethylenetetrahydrophthalic  anhy¬ 
dride,  255 
Enols,  46-57 

Epichlorohydrin,  311,  314 
Epons,  311,  313,  314,  321 
Epoxidation  of  unsaturated  groups,  449- 
452 

Epoxide  groups,  43,  304-324 
traces,  322-324 

3.4- Epoxy-l-butene,  435 
Esterification  of  hydroxyl  groups,  9-41 
Esters  of  carboxylic  acids,  169-183,  852- 

858 

determination  of  traces,  172-183 
mixtures  of  esters,  852-858 
by  saponification,  169-172 
Ethanol,  18,  19,  23,  27,  36,  39,  69,  70,  72 
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Ethanolamine,  537,  563,  575,  592,  597, 

598,  603,  606,  607,  609,611,613, 

614 

Ethers,  see  Alkoxyl  groups,  Epoxide  groups 
and  Vinyl  ethers 
Ethocel,  268 

p-Ethoxyacetanilide,  268 
Ethoxy  benzene,  273 
p-Ethoxy  benzoic  acid,  268 

3-Ethoxy-4-hy droxybenzaldehy de,  26  8 

2-Ethoxynaphthalene,  268 

Ethoxyl,  see  Alkoxyl 

Ethylacetate,  171,  181,  854,  855,  856, 

858 

solvent  for  acetylation,  15-20 
Ethylacetimidate,  558 
Ethylacrylate,  382,  454,  456,  460,  463 
Ethylamine,  529,  530,  537,  575,  585,  592, 
594,  597,  598,  609,  610,  631,  632, 

645 

Ethyl-p-aminobenzoate,  268 

N-Ethylaniline,  545,  562,  567 

Ethylbenzimidate,  557,  558 

Ethylbenzoate,  171 

2-E thy lbutylacry late,  460,  463 

N-Ethyl-rt-butylamine,  620 

N-(2-Ethylbutylidene)-2-ethylbutylamine, 

653 

2-Ethylbutyraldehyde,  131,  133 
Ethylcarbethoxyacetimidate,  558 
Ethylcrotonate,  460,  461,  463 
Ethyl-a-chloropropionimidate,  558 
Ethyldisulfide,  756,  758,  762 
Ethylenediamine,  537,  563,  564,  574,  575, 
597,  598,  599 

solvent  for  nonaqueous  titrations,  47 
Ethyleneglycol,  14,  20,  23,  42-46,  82-87 
Ethyleneglycol-isopropanol,  titration  solvent 
medium,  165-167,  235-239,  535,  568- 
572 

Ethyleneoxide,  311,  313,  314,  324 
Ethylenic  compounds,  see  Unsaturation 
Ethyl  ether,  306-307 
solvent  for  epoxide  analysis,  306-307 
Ethylformate,  181 
5-Ethyl- 2-heptanol,  69 
2-Ethyl- l-heptyn-3-ol,  505 
2-Ethylhexaldehyde,  reagent  for  amines, 
581-586,  600 

2-Ethylhexanoic  anhydride,  233,  255 


2-Ethylhexanol,  17,  19,  23,  69 
2-Ethylhexylacrylate,  460,  463 
2-Ethylhexylamine,  575,  585,  594,  597, 
598,599,609,610 
2-Ethylhexylimine,  653 

2- Ethylhexylvinyl  ether,  525 
Ethylimine,  652,  653 
Ethylisothiocyanate,  695 
N-Ethylmaleimide  method  for  mercaptans, 

747-752 

Ethyl  mercaptan,  714,  715,  723,  724,  745, 
779 

N-Ethyl-N-methylaniline,  552-553,  554-556 
5-Ethyl-5-methyl-l-heptyn-3-ol,  505 
Ethylmethyl  ketone,  139 
N-Ethylmorpholine,  624,  625,  627 
Ethylnaphthylamines,  562,  567 
Ethyl-p-nitrobenzimidate,  557 
Ethyloctynols,  476,  505 
Ethyloleate,  427,  843,  846,  847 

3- Ethyl-l-pentyn-3-ol,  476 
Ethylpiperidine,  571 
Ethylpropionate,  181 
Ethylsulfonylethyl  alcohol,  19 
Ethylvinylbenzene,  431 

Ethylvinyl  ether,  115,  511,  515,  518,  520, 
525 

Ethynylcyclohexanol,  469,  476,  497,  501, 
506 

Ethynylcyclopentanol,  501 
Ethynylionol,  476 
Evipan,  222 

Fehling’s  solution,  108 
Ferric  hydroxamate  method,  for  amides, 
218-223 

for  anhydrides,  172-183 
for  esters,  172-183 

Ferrocyanide  method  for  oxyalkalene,  291- 
295 

Ferrous  reductions,  664-666 
Fluorescamine  reagent  for  amines,  640-644 
Fluoroacetamide,  222 
Formaldehyde,  110,  112,  115,  117,  121, 
126,  131,  133,  136,  142,  143,  144, 
145,  146,  147,  152,  154,  836 
Formamide,  185,  200,  205,  207,  220,  221, 
222 

Formic  acid,  128 
2-Formyl-3,4-dihydropyran,  435 
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Fructose,  20,  38 

Fumarate  esters,  454,  456,  460,  463,  465, 
466 

Fumaric  acid,  56,  385,  419,  843,  846 
Functional  group  analysis,  typical  reactions, 
3-7 

role  in  identification  of  organic  com¬ 
pounds,  821-824 
Furamide,  205,  207 
a-Furancarbinol,  19 
Furfural,  99,  110,  115,  117,  142,  150 
Furfuryl  alcohol,  38 

Glucose,  19,  20,  36,  43 
Glutamic  acid,  56 
Glutamine,  56,  222 
Glutaramide,  205 
Glutaric  anhydride,  233 
Glutathione,  222,  749-751 
Glutyraldehyde,  131,  133 
Glycerol,  14,  19,  23,  30,  38,  43,  85,  831 
Glycerol  monoacetate,  14,  171 
Glycidyl  esters,  311,  312,  314,  321 
Glycine,  597,  598,  638 
Glycols,  see  Hydroxyl  groups 
solvent  for  titration  of  amines,  535,  546 
Glycylglycine,  56,  222 
Grignard  method,  see  Active  hydrogen 

Hanus  iodine  number  method,  396-398 
1-Heptadecanol,  276 
9-Heptadecanone,  150 
Heptadecylamine,  529 
1,6-Heptadiyne,  505 
Heptaldehyde,  146 
Heptamide,  205 

Heptanols,  30,  73,  75,  78,  273,  830 
Heptene,  376,  447 
w-Heptylacetate,  276 
Heptylamines,  529,  838 
n-Heptyl-p-hydroxybenzoate,  276 
Heptyl  mercaptans,  715,  723,  745 
Heptyne,  385,  386 
Heptynols,  501,  505 
Heterocyclic  amines,  530-531,  639 
1-Hexacosanol,  276 
Hexadecanamide,  200 
1-Hexadecanol,  38,  276,  277 
Hexadecene,  376,  443 
Hexadienes,  387,  391 


Hexaldehyde,  131,  133,  836 
Hexamethylenediamine,  564,  565,  602 
Hexamethylenetetramine,  549-550 
2,5-Hexanediol,  75,  78 
Hexanethiols,  723 
1,2,6-Hexanetriol,  85 
Hexanoic  acid,  249 
Hexanols,  69,  70,  73,  75,  78,  276 
Hex-fra«s-2-enal,  447 

1- Hexene,  376,  385,  387,  391,  413 
Hexenethiols,  723 
w-Hexylacetate,  276,  277 
Hexylamines,  529,  537,  575,  585,  594,  597, 

598,609,610,  838,  839 
/i-Hexyl-p-hydroxybenzoate,  276 
Hexyl  mercaptan,  745 
Hexylsulfide,  775 

Hexynes,  385,  386,  469,  497,  501,  502, 

505,  509 
Hexynols,  501 
Histidine,  56 
Homocysteine,  749 
Hydantoin,  223 
Hydrazides,  674-679 

Hydrazine  for  carbonyl  determination,  108 
Hydrazines,  667-674 
by  acidimetric  titration,  667 
for  carbonyl  determination,  see  Carbonyl 
groups,  hydrazone  formation 
by  oxidation,  with  cupric  ion,  671-673 
with  iodine,  668 
with  iodate,  668-670 
with  periodate,  670-671 
by  oxidative  titration,  668-671 
by  reduction,  673 

by  Schiff  base  precipitation,  673-674 
trace  quantities,  673-674 
Hydrazine  sulfate,  564,  668 
for  carbonyl  determination,  108 

2- Hydrazinobenzothiazole,  678 
Hydrazobenzene,  657 

Hydrazo  group,  see  Hydrazines;  Hydrazides; 

and  Titanous  reductions 
Hydrazones,  formation  for  carbonyl  deter¬ 
mination,  107-115,  148-152 
Hydriodic  acid,  for  alkoxyl  and  oxyalkalene 
groups,  263-283 

Hydrochlorination,  for  epoxides,  304-319 
for  tertiary  alcohols,  79-82 
Hydrogenation,  398-422,475-477 
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Hydrogen  chloride  in  acid  chloride,  224-230 
Hydrogen  peroxide,  146,  147,  336,  345, 

348,  351,352,354,355 
Hydrolysis  of  esters,  169-172 
Hydroperoxides,  see  Peroxides 
Hydroquinone,  57,  672 
Hydroxamate  methods,  for  amides,  217-223 
for  anhydrides,  172-183 
for  esters,  172-183 
p-Hydroxyacetophenone,  150 
p-Hydroxybenzaldehyde,  99,  114 
Hydroxybenzoic  acids,  53,  54,  56,  92,  93 
Hydroxybutyraldehyde,  153 
Hydroxybutyramide,  200 
2-Hydroxy diethylsulf oxide,  790 
Hydroxyethylacetate,  281,  854,  855,  856, 
857,  858 

m-Hydroxyethylenediamine,  563 
N-(2-Hydroxyethyl)morpholine,  537 
6is-(2-Hydroxyethyl)sulfoxide,  783 
Hydroxylamine  hydrochloride  reagent,  for 
acetals,  ketals  and  vinyl  ethers,  510- 
511 

for  amides,  217-223 

for  carbonyls,  see  Carbonyl  groups, 
oxime  formation 

for  esters,  lactones  and  anhydrides,  172- 
183 

for  imines,  652-653 
Hydroxyl  groups,  8-94 
on  adjacent  carbon  atoms  (glycols),  42-46, 
82-87 

alcohols  in  presence  of  amines,  40-41 
aldehyde  interference  in  esterification 
methods,  10-11,  14,  20 
analysis  of  mixtures  of  alcohols,  57,  826- 
832 

determination  of  secondary  alcohols  in 
presence  of  primary,  73-79 
determination  of  tertiary  alcohols  in  pres¬ 
ence  of  primary  and  secondary,  79-82 
enols,  phenols  and  nitroalcohols  by  titra¬ 
tion  as  acids,  46-57 

esterification  procedures,  9-41,  826-832 
by  acetic  anhydride,  12-22,  826-832 
by  3,5-dinitrobenzoyl  chloride,  31-40 
by  phthalic  anhydride,  22-28 
by  pyromellitic  dianhydride,  28-31 
phenols  by  bromination,  57-62 
phenols  by  coupling,  62-67,  87-94 


sugars,  19,  20,  36,  37,  40 
tertiary  hydroxyl,  14,  31-40 
traces  of  hydroxyl  compounds,  67-73 
traces  of  phenols,  87-94 

Hydroxymethylaminoe thane,  603 
4-Hydroxy-2-methyl-l-pentene,  381 
3-Hydroxy-8-nonene-2,5-dione,  435 

(3-Hydroxyphenyl)ethyldimethylammonium 

halides,  690 
Hydroxyproline,  56 
8-Hydroxyquinoline,  62 

2-Hydroxy-2,5,5,8a-tetramethyl(2-hydroxy- 
ethyl)decahydronaphthalene,  38 
Hypobromite  method,  for  methyl  ketones, 
137-138 

for  aliphatic  amides,  205-214 
Hypochlorite  method  for  amides,  214-216 
Hypoiodite  method  for  methyl  carbonyls, 
136-137 

Imides,  carboxylic,  223 
Imines,  see  Imino  groups 
Imino  groups,  646-653 
bisulfite  method  for,  651-652 
2,4-dinitrophenylhydrazine  method  for, 
650-651 

hydrolytic  methods  form,  650 
hydroxylamine  hydrochloride  method  for, 
652-653 

titration  methods  for,  646-650 
Iodine  monobromide  for  unsaturation,  396- 
398 

Iodine  monochloride  for  unsaturation,  394- 
396 

Iodine  number,  378,  394-398 
Iodoform  reaction  for  methyl  carbonyl  com¬ 
pounds,  136-137 
o-Iodophenol,  92,  93 
Isoamylamine,  609,  610 
Isobutanolamine,  609,  611 
Isobutyl  alcohol,  23,  38,  69,  73,  75,  78 
Isobutylamine,  30,  36,  575,  592,  597,  598, 
609,610,631 
Isobutylene  oxide,  311 
Isobutyl  mercaptan,  715 
Isobutylvinyl  ether,  511,  515,  518,  520, 

525 

Isobutyraldehyde,  131,  133,  146 
Isobutyramide,  185,  205,  211,  214 
Isocyanates,  694-706 
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for  alcohol  analysis,  829,  831 
primary  amine  methods  for,  694-697 
secondary  amine  methods  for,  697-702 
trace  quantities,  702-706 
Isoleucine,  617,  638 
Isonicotinic  acid  hydrazide,  672,  678 
Isooctyl  alcohol,  20 
Isopentyl  alcohol,  38 
Isoprene,  331,  333,  336,  427 
Isopropanolamine,  574,  575,  592,  597,  598, 
599,  609,611,613 

Isopropylamine,  532,  592,  594,  597,  598, 
599,631,645 

N-Isopropylideneisopropanolamine,  653 
Isopropyl  mercaptan,  715 
Isoquinoline,  554-556 
Isosulfisoxazole,  643 
Isothiocyanates,  694-706 
primary  amine  methods  for,  694-697 
reagent  for  amines,  629-632 
secondary  amine  method  for,  697-702 
Isovaleraldehyde,  146 
Isovaleramide,  211,  213 
Itaconic  anhydride,  236 

Ketals,  100,  107,  113,  116,  510-528 
Ketones,  see  Carbonyl  groups 
as  solvents  for  amine  titrations,  533,  543, 
546 

Kinetic  analysis,  825-861 
Kjeldahl  distillation,  198-203 

Lactic  acid,  249 
Lactones,  170,  175 
Lactose,  19 
Laurie  hydrazide,  678 
Lauroyl  chloride,  228,  229 
Lauroyl  peroxide,  359,  360,  362,  366,  368, 
369 

Lauroyl  sarcosine,  100 
Lauryl  alcohol,  20 
Laurylamines,  571,  602 
Lauryl  mercaptan,  724,  727 
Laurylvinyl  ether,  517 
Leucine,  56 
Limonene,  376,  427 
Linoleic  acid,  378 
Linseed  oil  unsaturation,  378 
Lithium  aluminum  hydride  for  active  hydro¬ 
gen,  487-488 


for  amides,  197-203 
for  carbonyl  compounds,  146 
Lithium  chloride  to  enhance  acidity,  246- 
249 

Lutidine,  548 

Magnesium  chloride  reagents  for  epoxides, 
304-306 

Maleate  esters,  432,  454,  456,  460,  463, 
465,466 

Maleic  acid,  56,  245,  248,  255,  256,  385,  402, 
454,  456,  843,  846 

Maleic  anhydride,  238,  241,  242,  248,  255, 
256 

Malic  acid,  55,  56 

Malonic  acid,  56,  247 

Maltose,  19 

Mannitol,  36,  43,  128 

Mannose,  19 

p-Mentha-1, 5-diene,  845 

p-Methanehydroperoxide,  359,  360,  362 

Methionine,  56 

Methone  reagent  for  carbonyls,  143-146 
Menthol,  38 
Mercaptans,  707-752 
acidimetric  silver  method,  720-723 
argentimetric  methods,  707-720 
cupric  method,  724-728 
iodimetric  method,  723-724 
mixtures  with  disulfides,  763-769 
mixtures  with  free  sulfur,  729-747 
oxidative  methods,  723-728 
trace  quantities,  747-752 
Mercaptoacetic  acid,  752 
2-Mercaptobenzimidazole,  728 
o-Mercaptobenzoic  acid,  728,  813 
2-Mercaptobenzothiazole,  52,  53,  56,  728 
2-Mercaptobenzoxazole,  728 
/3-Mercaptoethanol,  716,  724,  727,  728, 
749,813 

2-Mercaptoethylammonium  chloride,  813 
Mercaptopropionic  acids,  716,  728,  752 
2-Mercaptopyridine,  714 
Mercaptosuccinic  acid,  728,  813 
Mercury  methods,  for  acetylenic  hydrogen, 
508-509 

for  carbonyl  compounds,  126-136 
for  oxyalkalene  compounds,  295-300 
for  unsaturation,  428-440 
for  vinyl  ethers,  518-520 
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Mesityl  oxide,  381 
Methacrolein,  131,  133,  381 
Me thacrolein diacetate,  381 
Methacrylamide,  211,  213,  214 
Methacrylic  acid,  381 
Methacrylonitrile,  460,  463 
Methallyl  alcohol,  381,  439 
Methallyl  chloride,  435 
Methanol,  14,  18,  19,  23,  30,  38,  69,  70, 

128 

Methanol-benzene  solvent  medium,  see 
Benzene-methanol 
Methionine,  268 
m-Methoxyanisole,  268 
m-Methoxybenzaldehyde,  154,  156,  157 
Methoxybenzene,  273 

N-p-Methoxybenzylidenebenzylamine,  648 
N-p-Methoxybenzylidenesulfathiazole,  648, 

650 

3-Methoxybutanol,  14 

N-p-Methoxychlorobenzylidenebenzylamine, 

648 

2-Methoxyethanol,  22 

2-Methoxy-3-ethyl-3,4-dihydropyran,  435 

2- Methoxy-3-ethyl-4-methyl-3,4-dihydro- 

pyran,  435 

Methoxyethylvinyl  ether,  525 

3- Methoxy-4-hydroxybenzaldehyde,  268 
Methoxyl,  see  Alkoxyl 
2-Methoxy-3-methyl-3,4-dihydropyran,  435 
4'-Methoxy-2-(p-methoxyphenyl)acetophe- 

none,  268 

2-Methoxy-3-methyl-4-propyl-5-ethyl-3,4- 
dihydropyran,  435 

2-Methoxy-2-methyl-l-thio-2-silacylopen- 
tane,  22 

4- Methoxy-2-nitroaniline,  268 
Me thoxy phenols,  268 
p-Methoxyphenyliso  thiocyanate,  702 
l-(p-Methoxyphenyl)-l-propylpalmitate, 

268 

Methylacetamide,  200,  222 
N-Methylacetanilide,  553,  554-556 
Methylacetate,  854,  856,  858 
Methylacrylate,  171,  402,  432,  454,  456, 
460,  463,476 

Methylamine,  529,  530,  575,  585,  592,  594, 
597,  598,  609,  645 
Methyl-p-aminobenzoate,  268 
Methyl-n-amyl  ketone,  127 


N-Methylaniline,  562,  618 

o-,  m-,  p-Methylanilines,  530,  567,  616,  617 

p-Methylanisole,  268 
Methylbenzoate,  181 
a-Methylbenzilimine,  653 
Methylbutadiene,  376,  391 
Methylbutanols,  19,  25,  26,  36,  40,  73,  82 
Methylbutene,  376,  391 

2- Methyl-l-butene-3-yne,  501,  505 
Methylbutyl  ketones,  139 
Methylbutynols,  82,  476,  501,  502,  505, 

844,  845,  846 

3- Methyl-l-butyn-3-ol-p-nitrobenzoate,  506 
Methylbutyrate,  181 

Methyl  Carbitol,  281 
Methyl  Cellosolve,  70 
Methylchloracrylate,  382 
Methylcyclohexanols,  18,  19 

4- Methylcyclohexene,  376,  427 
Methylcyclohexylamine,  571 
Methylcyclohexylsulfoxide,  785 
Methy Icy clopropyl  ketone,  150 

4-Methyl-3,4-dihydropyran,  435 
Methyldisulfide,  756,  758 
Methyldodecanamide,  200 
Methylethyl  ketone,  127,  150 

solvent  for  amine  titration,  546 

3- Methyl- 1  -ethy ny Icy clohexanol,  476 
Methylglutaric  anhydride,  255 
Methylglycolamide,  200 

4- Methyl-4-heptanol,  82 
Methylheptene,  391,  447 
2-Methyl- 1 -hexene,  387 
Methylhexynes,  843,  844,  845 

2- Methyl-l-hexyn-3-ol,  501,  505,  845,  846 
Methylisobutyl  ketone,  99,  100,  127,  139 

solvent  for  amine  titration,  546 
Methylisopropenyl  ketone,  381 
Methylisopropyl  ketone,  127,  139 
Methylisothiocyanate,  695,  702 
Methyllaurylamide,  571 
Methyl  mercaptan,  724 
Methylmethacrylate,  432,  460,  462,  463, 
465 

Methyl-2-methylallylsulfoxide,  787,  789 
Methylmorpholine,  537 
N-Methylnaphthylamines,  567 
Methylnicotinamidemethosulfate,  222 
4-Methyl-4-nonanol,  82 

3- Methyl-l-nonyl-3-ol,  501,  505 
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4-Methyl-4-octanol,  82 
Methyloleate,  181,  843,  846,  847 
Methylpentadiene,  331,  336,  376,  447 

2- Methyl-2,4-pentanediol,  26 
Methylpentanethiol,  723 
Methylpentanols,  40,  82 
Methylpentene,  376,  391,  435 
Methylpentenethiol,  723 
Methylpentynols,  476,  501,  502,  505,  845, 

846 

3- Methyl-l-pentyn-3-ol-carbamate,  506 
3-Methyl-l-pentyn-3-ol-p-nitrobenzoate, 

506 

3-Methyl-l-pentyn-3-ol-hydrogenphthalate, 

506 

2-Methyl-3-pentyn-2,5-diol,  476 
Methylphenyl  diketone,  150 
2-Methyl-l, 2-propanediol,  26 
Methylpropanediolamine,  603 
2-Methylpropane-2-thiol,  723 
2-Methyl- 2-propanol,  18,  36,  40,  81,  82, 

83 

Methylpropanolamine,  603 
Methyl-fl-propyl  ketone,  114,  139 
N-Methylpyrrolidone,  200,  558 
Methylsalicylate,  61,  171 
Methylstearamide,  200 
a-Methylstyrene,  340,  376,  435,  439 
Methylthioglycolate,  727 
Methyltoluate,  181 
Methylurea,  554-556 
Methylvinylcarbinol,  381 
Methylvinyl  ether,  115,  511,  515,  518 
Monohydroxy  stearic  acid,  14 
Monomethylterephthalic  hydrazide,  678 
Morphohne,  determination  of,  537,  575, 
579,  580,  583,  645 

reagent  for  acid  anhydrides,  231-236,  252- 
256 

reagent  for  unsaturation,  458-467 

Naphthalene,  419,  420,  421 
Naphthalenediols,  92,  93,  94 
Naphthalenedisulfonic  acid  disodium  salt, 

799,  800 

Naphthalenesulfonic  acids,  797,  799,  800 
Naphthamides,  196 

1- Naphthol,  38,  56,  66,  70,  92,  93,  487 

2- Naphthol,  56,  61,  66,  92,  93,  800 

Naphtholsulfonic  acids,  66 


l,2-Naphthoquinone-4-sulfonate,  reagent  for 
amines,  635-636 
Naphthoyl  chloride,  229 
Naphthylamines,  30,  530,  545,  554-556, 

562,  567,  602,  838 
Naphthylisocyanate,  695,  697 
Naphthylisothiocyanate,  697 
Naphthyl  mercaptans,  724,  728 
Naphthylmethyl  ethers,  268 
Neomycin-B,  617 
Neostigmine  bromide,  690 
Nessler’s  reagent,  see  Mercury  methods 
Nicotinamide,  207,  211,  222 
Nicotinic  acid,  56,  249 
Nicotinic  acid  methylamide,  222 
Nitriles,  200-201,  256-262,  850-852 
Nitriloisopropionitrile,  558 
Nitroacetimidate,  558 
p-Nitroacetophenone,  666 
Nitroalcohols,  46-47 
Nitroanilines,  562,  566,  657,  666 
1-Nitroanisole,  666 

Nitrobenzaldehydes,  99,  100,  110,  154, 

156,  157,  158,  159,  160 
p-Nitrobenzamide,  205,  211 
p-Nitrobenzeneazoresorcinol,  657,  658,  663 
ra-Nitrobenzenediazonium  chlorides,  as  cou¬ 
pling  agents,  64 

m-Nitrobenzenesulfonic  acid,  800 
m-Nitrobenzenehydrazide,  678 
Nitrobenzoic  acid,  658,  663,  666 
p-Nitrobenzoyl  chloride,  reagent  for  hy¬ 
droxyls,  71 

ra-Nitroethylbenzoate,  666 
3-Nitrodiphenyl,  666 
Nitro  groups,  654-666 
Nitroguanidine,  658,  663 

3-Nitro-4-hydroxyphenylarsonic  acid,  666 
Nitromethane,  solvent  for  nonaqueous  titra¬ 
tions,  189,  551-558 

Nitronaphthalene,  666 

Nitrophenols,  56,  61,419,  420,  666,  800 
p-Nitrophenylacetic  acid,  666 
m-Nitro(a-phenyl)cinnamic  acid,  666 
bis-(o-Nitrophenyl)disulfide,  759 
p-Nitrophenylhydrazine,  666 

reagent  for  carbonyl  groups,  109 
3-Nitrophthalic  acid,  666 
Nitrosation  for  amine  determination,  559- 
562 
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Nitroso  groups,  654-666 
Nitrosobenzene,  666 

p-Nitrosodimethylaniline  hydrochloride, 

666 

1 - Nitroso- 2-naphthol,  666 

2- Nitroso-l-naphthol-4-sulfonic  acid,  666 

Nitroso-R  salt,  658,  663,  666 
p-Nitrotoluene,  666 
1-Nonanol,  276 

Nonaqueous  solvents  for  titrations,  of  weak 
acids,  46-47,  161-165,  223,  243 
of  weak  bases,  184-189,  263-269,  533- 
534,  545-558 

Nonionic  detergents,  see  Oxyalkalene  groups 
n-Nonylacetate,  276 
w-Nonyl-p-hydroxybenzoate,  276 
Nonynols,  501 

Octadecanoic  acid,  249 

Octadecanol,  14,  20,  31,  36,  276,  277,  487 

1-Octadecene,  376 

Octadecylvinyl  ether,  517 

Octanamide,  200 

Octene,  377,  427,  428,  443,  447 

7-Octenyltriethoxysilane,  22 

H-Octylacetate,  276 

Octyl  alcohols,  20,  23,  30,  73,  75,  78,  276, 
829,  830 

Octyldisulfide,  768 
H-Octyl-p-hydroxybenzoate,  276 
Octyl  mercaptan,  779 
Octylphenol,  14,  59 
Octynes,  469 
Octynols,  469 
Oleic  acid,  378,  420 
Oleyl  alcohol,  14 
Olive  oil  unsaturation,  378,  428 
Organic  peroxides,  see  Peroxides 
Orthoquinones  for  amines,  635 
Oxalic  acid,  56,  249 
Oxirane  oxygen,  see  Epoxide  groups 
Oxyalkalene  groups,  263-303 
determination  of,  278-303 
trace  determination,  283-303 
Ozonization  methods  for  unsaturation,  440- 
449 

Palmitoyl  chloride,  228,  229 
Pantothenic  acid,  222 
Peanut  oil  unsaturation,  378 


Pentadecanethiol,  727 

1-Pentadecanol,  276 

Pentaerythritol,  36,  39,  181 

2,4-Pen tanedione  method  for  amines,  594- 

600 

Pentanols,  30,  69,  75,  78,  276,  485,  829, 

830 

Pentanones,  835,  836 
Pentenes,  331,  336,  376 
Pentobarbitone,  222 
Pentynes,  385,  386,  474,  505 
Pentynols,  506 

Perchloric  acid,  catalyst  for  acetylations,  14- 
22 

titrant  for  amides,  184-197 
titrant  for  amines,  545-558 
titrant  for  carboxylic  acid  salts,  168 
titrant  for  imines,  646-650 
titrant  for  sulfoxides,  781-782 
Periodic  acid,  for  glycol  determination,  42- 
46,  82-87 

Permanganate  for  carbonyl  compounds,  149 
Peroxides,  325-372 
arsenious  oxide  method  for,  362-364 
ferrous  colorimetric  method  for,  342-349 
ferrous-titanous  method  for,  349-356 
interference  in  epoxide  determination, 

317 

iodometric  methods  for,  325-342 
leuco  methylene  blue  method  for,  356- 
362 

N,N-dimethyl-p-phenylenediamine  method 
for,  365-372 
table  of  methods,  370 
1,10-Phenanthroline,  547-548 
p-Phenetidine,  566 
Phenobarbitone,  222 

Phenol,  14,  22,  51,  55,  56,  59,  61,  66,  70, 
92,  93,  487,  800 

Phenols,  determination  of,  see  Hydroxyl 
groups 

Phenothiazine-5-oxide,  783 
Phenoxathin- 10-oxide,  783 
Phenylacetate,  181,  854,  856,  857,  858 
Phenylacetylene,  385,  386,  469,  471,  476 
Phenylallylsulfoxide,  787 
o-,  m-,  p-Phenylanilines,  530 
Phenylbenzylsulfoxide,  787 
Phenylbutene,  376,  391 
3-Phenyl-l-butyn-3-ol,  505 
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Phenyl  Cellosolve,  281 
Phenylcinnamylsulfoxide,  787 
Phenylcyclohexanols,  19 
Phenylcyclohexylsulfoxide,  785 
Phenyldisulfide,  756,  758,  759,  762,  767, 
768 

Phenylenediamines,  66,  554-556,  564,  566, 
602,  645,  838 
Phenylethanediol,  85 
Phenylethynylcarbinol,  506 
Phenylhydrazine,  determination  of,  672, 

673 

for  carbonyl  determination,  107,  108 
Phenylisocyanate,  695,  697,  700 
Phenylisothiocyanate,  determination  of, 
695,697,  702 

reagent  for  amines,  629-632,  837-840 
Phenyl  mercaptan,  724,  732,  734,  737,  741 
l-Phenyl-3-methylpyrazolone,  5,  65 
Phenylmethylsulfoxide,  785 
o-Phenylphenol,  56,  92,  93 
Phenylphosphoric  acid,  249 
Phenylpropanolamine,  643 
3-Phenylpropenol,  19 
Phenylpropyl  ketone,  419 
l-Phenyl-2-propyn-l-ol,  501 
Phenylurea,  554-556 
Phloroglucinol,  66,  92,  93 
Phosphomolybdic  acid  method  for  oxyalka- 
lene,  283-291 

Photometric  titration,  189-198 
Phthalic  acid,  56,  245,  255 
Phthalic  anhydride,  as  phthalation  agent,  9, 
22-28 

determination  of,  233,  236,  238,  241, 
242,  252,  255 
free  phthalic  acid  in,  255 
Phthalamide,  205 
Phthalimide,  56,  211,  223 
7-Picoline,  537,  624,  627 
Picolinic  acid,  249 
Pinene,  376,  427 
Piperazine,  537 

Piperidine,  determination  of,  530,  554-556, 
571,  617,  620,  631,  645 
reagent  for  isocyanates  and  isothiocya¬ 
nates,  701-702 

3-Pi peridin o-l, 2-propanediol,  85,  87 
Polyesters,  170 

Polyethylene  glycol,  see  Polyglycol  ethers 


Polyglycol  ethers,  20,  31,  281,  287,  288 
Polypropylene  glycol,  see  Polyglycol  ethers 
Potassium  cyanide  for  aldehyde  determina¬ 
tion,  147 

Potassium  dichromate  for  secondary  alcohol 
analysis,  74 

Polymers,  epoxidation  of  unsaturation,  451 
Primary  amines,  interference  in  hydroxyl 
analysis,  14,  40,  41 

in  carbonyl  determination,  138-142,  152- 
153 

see  also  Amino  groups,  determination 
Procaine  hydrochloride,  643 
1,2-Pro  pane  diamine,  30 
Propanediol,  30,  85,  87,  831 
Propanols,  18,  19,  22,  23,  30,  36,  38,  69, 

70,  73,  77,  79,  829,  830 
Propargyl  alcohol,  14,  19,  385,  402,  469, 
476,  491,  501,  505,  506,  508,  509, 

822 

Propargyl  bromide,  506 
2-Propen-l-ol,  38 
1-Propenylethyl  ether,  520 
Propiolic  acid,  385,  501 
Propionaldehyde,  103,  110,  115,  117,  121, 
126,  128,  131,  133,  134,  154,  836 
Propionamide,  185,  200,  205,  207,  211, 

213,  214,215,  851 
Propionic  acid,  248,  255 
Propionic  anhydride,  233,  238,  248,  252, 
255 

Propionic  hydrazide,  678 
Propionitrile,  258,  259 
Propionyl  chloride,  228,  229 
Propoxyl,  see  Alkoxyl 
N-tt-Propylacetanilide,  554-556 
Propylacetates,  853,  854,  855,  856,  857, 

858 

Propylamines,  529,  530,  592,  594,  597, 598, 
609,610,631 
Propylaniline,  838 
Propylcinnamylsulfoxide,  787,  789 
Propyldimethylallylsulfoxide,  787 

Propyldisulfide,  748,  759 
Propylene,  448 

Propylene  carbonate  solvent  for  bromine 
titration  of,  phenols,  59-62 
unsaturation,  377-379 
Propylenediamine,  575,  597,  598,  602,  609, 

610 
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Propylene  glycol,  20,  23,  38 
Propylene  oxide,  311,  313,  314,  32 
Propyl  mercaptans,  724, 1A5'  '119 
Propylvinyl  ether,  402,  511,  515,  520 

1- Propyne,  501 

2- Propyn-l-ol,  see  Propargyl  alcohol 
Pyrazinamide,  211 

Pyridine,  determination  of,  531, 

545,  547-548,  552,  553,  554-556, 
624,  627,  645 
as  solvent  for  Grignard,  481 
as  solvent  for  nonaqueous  titrations,  47, 


50,  52,  53,  54,  55,  56 
Pyridyl  alkynes,  506 
PyrogaUic  acid,  56 

Pyromellitic  dianhydride,  as  esterification 
agent,  9,  28-31 


Pyrrol,  531 

Pyrrolidine,  530,  531,  631 
2-Pyrrolidone,  196,  557,  558 


Saponification  of  esters,  169-172,  816, 
852-858 

Schiff  base  formation  for  carbonyl  determi¬ 
nation,  138-142,  152-153 
Schiff  bases,  determination,  see  Imino  groups 
Schiff  base  precipitation  of  diamines,  563-565 
Sclareol,  38 
Sebacic  acid,  249 
Secondary  alcohols,  73-79 
Secondary  amino  groups,  see  Amino  groups 
Semicar bazide  hydrochloride,  672 
Silicotungstic  acid  for  oxyalkalene,  283-291 
Silver  methods,  for  acetylenic  compounds, 
489-507 

for  carbonyl  compounds,  115-126,  153- 

160  , 
for  mercaptans,  707-723 
Sodium  acetate,  541 
Sodium  acrylate,  381 

Sodium  borohydride  reagent,  formaldehydes, 
147-148 


A 


Quaternary  ammonium  compounds,  688- 
693 

determination  with  bromophenol  and 
bromothymol  blue,  690-693 
determination  with  methylene  blue,  803- 
806 

mercuric  acetate  method,  689-690 
as  titrants,  48-57 
titration  methods,  689 
Quinoline,  545,  554-556 
o-Quinone  methods  for  amines,  635-637 

Rapeseed  oil  unsaturation,  378 
Resorcinol,  57,  59,  61,  66,  92,  93,  487 


Safflower  oil  unsaturation,  378 
Salicylaldehyde,  99,  110,  112,  115,  142, 
485,487,  836 

method  for  primary  amines,  563,  568-572, 
593-594,605-612 
Salicylaldoxime,  52,  53,  56 
Salicylamide,  205,  211,  213 
Salicylic  acid,  56,  61 
Salicylhydrazide,  678 

Salt  enhancement  of  acidity,  245-252,  537- 
544 

barium  perchlorate,  249-252 
lithium  chloride,  245-249 


for  disulfides,  753-757 
for  unsaturation,  422-428 

Sodium-p-ethoxybenzenediazosulfonate, 

849 

Sodium  ethylate,  273 
Solanesol,  38 

Sorbic  acid,  406,  844,  846 
Sorbose,  38 

Soybean  oil  unsaturation,  378 

Stearamide,  200 

Stearic  acid,  248 

Stearic  hydrazide,  248,  677,  678 

Stearyl  alcohol,  see  Octadecanol 

Stigmasterol,  38 

Stilbene,  376 

Styrene,  376,  431,  432,  435,  436,  439 
Styrene  oxide,  311,  312,  323 
Styrol,  476 

Succinamide,  205,  207 
Succinic  acid,  56,  248,  255 
Succinic  anhydride,  233,  236,  241,  242, 
248,  252,  255 
Succinonitrile,  258,  259 
Succinyl  chloride,  230 
Sucrose,  20,  36 

Sugars,  16,  19,  20,  36,  37,  40,  153 
Sulfadiazine,  643,  809 
Sulfadoxidine,  643 
Sulfaguanidine,  808,  810 
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Sulfamerazine,  809 
Sulfamethazine,  809 
Sulfamethoxazole,  643 
Sulfanilamide,  643,  808,  809,  810 
Sulfapyridine,  809,  810 
Sulfathalidine,  809 
Sulfathiazole,  808,  809,  810 
Sulfides,  770-780 
mixtures  with  disulfides,  763,  780 
mixtures  with  mercaptans,  775-780 
oxidation  of,  by  bromine,  771-773 
by  peroxide,  773-775 
Sulfinic  acids,  812-814 
Sulfisoxazole,  643 
Sulfobenzoic  acids,  800 
Sulfonamides,  807-812 
Sulfonate  salts,  792-806 
by  alkali  fusion,  793-801 
by  ignition,  793 
by  precipitation,  801-803 
by  titration,  803-806 
Sulfonic  acids,  792 
Sulfoxides,  781-791 
by  dichromate  oxidation,  790-791 
by  direct  titration,  781-782 
by  titanous  reduction,  782-790 

Tartaric  acid,  43,  85,  86 
Terephthalic  hydrazide,  678 
Terpene  mercaptan,  724,  727 
a-Terpineol,  38 
Terpinol  hydrate,  38 
Tertiary  alcohols,  14,  31-40,  79-82 
Tertiary  amino  groups,  see  Amino  groups 
Tetrabutylammonium  halides,  690 
Tetrabutylammonium  hydroxide  titrant,  32, 
48-57,  240-243,  265,  675-679 
1-Tetradecanol,  38,  276 
1-Te trade cene,  376,  443 
Tetradecylvinyl  ether,  520 
Tetraethylammonium  bromide,  690 
Tetraethylenepentamine,  597,  598 
Tetrahydrobenzoic  acid,  383 
Tetrahydrofuran,  esterification  solvent,  29, 
30,  31 

a-Tetrahydrofurancarbinol,  19 
Tetralin,  331,  336 

Tetralin  peroxide,  328,  330,  331,  336,  345, 
348,  351,  352,  354,  355 

Tetramethyldisiloxane-l,3-diol,  487 


Tetraphenyldisiloxane-1 ,3-diol,  487 
Thianthrene-5, 10-dioxide,  783 
Thianthrene- 10-oxide,  783 
Thioacetamide,  188 
Thiobarbituric  acid,  223 
Thiocarbohydrazide,  678 
Thiocresol,  715 
2,2'-Thiodiethanol,  775 
Thioglycolic  acid,  716,  749 
Thiols,  see  Mercaptans 
Thiophenol,  813 
Thiosemicarbazide,  672 
Thiosinamine,  672 
Thiourea,  672 
Threonine,  56 

Thymol,  36,  39,57,61,487 
Titanous  chloride  reductions,  654-657,  782- 
790 

Tollen’s  reagent,  see  Silver  methods 
Tolualdehyde,  157,  158 
Toluamides,  211,  215 
p-Toluenediazonium  chlorides  as  coupling 
agents,  64 

Toluenediisocyanates,  697,  700 
p-Toluene-3-nitroarsonic  acid,  666 
p-Toluenesulfonamide,  809 
p-Toluenesulfonic  acid,  55,  797,  800 
Toluenethiol,  52,  53,  56,  728 
p-Toluhydroquinone,  57 
Toluidine,  562,  566,  602,  645,  838 
p-Tolyldisulfide,  767 
Tolylhydrazine,  673 
Triace  tin,  181 

1,1,3-Triallyloxy propane,  381 
Tributylamine,  554-556,  571,  585 
Tributylphosphine  reduction  of  disulfides, 
759 

Trichloroacetamide,  207 
Trichloroacetamidate,  558 
Tridecanone,  99 

Triethanolamine,  537,  541,  624,  625,  627, 
628 

Triethylamine,  529,  537,  543,  554-556, 
585,624,625,626,627,632 
Triethylene  glycol,  30,  36 
Triethyleneglycol-3-aminopropyl  ether,  537 
Triethylenetetramine,  535,  542,  597,  598 
2,2,2-Trifluorethyl  alcohol,  19 
Trihydroxybenzenes,  52,  53 
Triisobutylene,  376 
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Triisopropanolamine,  625 
Tiisopropylbenzenedihydroperoxide,  340 
riisopropylbenzenetrihydroperoxide,  340 
,1,3-Trimethoxybutane,  273 
frimethylenedisulfide,  758 

2.2.4- Trimethylpentane-l  ,3-diol,  1 9 
Trimethylpentenes,  376,  391,  427,  447 
Trimethylphosphine  oxide,  783 

1.3.5- Trinitrobenzene,  657 

2.4.6- Trinitrobenzoic  acid,  658,  663,  666 

2.4.6- Trinitroresorcinol,  658,  663 
Trinitrotoluene,  666 
Triphenylphosphine,  558 
Triphenylsilanol,  487 
Tripropylamine  as  titrant,  223-230,  244- 

252 

Tris-2-hydroxyethylamine,  554-556 
Tris(hydroxymethyl)aminomethane,  38, 
504 

Trivinyl- 2-methoxyethoxysilane,  22 
Tung  oil  unsaturation,  428 


1-Undecanol,  276 
Undecylvinyl  ether,  520 
Unsaturation,  373-477,  840-847 
acetylenic  unsaturation,  467-477 
by  bisulfite  addition,  452-458 
by  bromination,  374-394,  841-842 
by  epoxidation,  449-452 
by  hydrogenation,  398-422,  475-477,  842- 
847 

by  iodine  number,  394-398 
by  mercuric  acetate,  428-440 


mixtures  of  unsaturated  compounds,  475- 
477,  840-847 

by  morpholine  addition,  458-467 
by  ozonization,  440-449 
by  sodium  borohydride,  422-428 
Urea,  553,  554-556 

w-Valeraldehyde,  121,  126 
rt-Valeramide,  185,  205,  207,  211 
Valeronitrile,  851 
Vanillin,  99,  100,  115,487 
Van  Slyke  method  for  primary  amines,  562, 
586-592 

Vinylacetate,  382,  432,  435,  436,  439 

Vinylbenzoate,  432 

Vinylbutyrate,  377,  382 

Vinylcarbazole,  432 

Vinyl  Carbitol,  520 

Vinyl  chloride,  382 

Vinyl  compounds,  see  Unsaturation 

4-Vinyl-l-cyclohexene,  391 

Vinyl  esters,  302-303,  382,  432,  435 

Vinyl  ethers,  100,  107,  113,  116,  510-528 

N-Vinylpiperidone,  435 

2-Vinylpyridine,  432 

N-Vinylpyrrolidone,  435 

Weighing  volatile  and  corrosive  liquids,  862- 
864 

Wiijs  iodine  number  method,  394-396 
Xylene,  solvent  for  Grignard,  481 
Zerewitinoff  analysis,  479 
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